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ABSTRACT: The capabilities of network technologies have facilitated the growth of
electronic commerce. Major issues—notably, security and product quality uncer-
tainty—still pose serious challenges to the further adoption of electronic commerce.
Traditional market transactions have a long history and well-understood protections
for buyers and sellers. In the electronic markets, formal and informal mechanisms
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such as trusted third parties (TTP) have emerged trying to ensure safe transactions. In
this paper, we investigate under what conditions people will stick to the traditional
market and face-to-face transactions, and under what conditions electronic transac-
tions will be the convention of the future. Of particular interest is the role of TTPs in
facilitating online transactions. Using evolutionary game theory, we present an ana-
lytical model of buyer and seller choices and examine which patterns of transactions
can be sustained. We further study how the traders' adaptive behavior may influence
the outcome of the market evolution. Through this analysis, we demonstrate that the
market will show divergence: for commodity products, electronic transactions through
TTPs will get established as the convention for market transactions when traders use
historical information about other traders' past strategies. For "look and feel" prod-
ucts, the market evolution depends on the initial distribution of the transaction strate-
gies in the population.

KEY WORDS AND PHRASES: electronic commerce, electronic markets, evolutionarily
stable equilibrium, evolutionary game theory, market evolution, product characteris-
tics, stochastically stable equilibrium, transaction channel, trusted third party.

OVER THE PAST FEW YEARS, INTERNET FRAUD continues to rise, causing consumers to
become wary of online transactions. According to the FBI's Internet Fraud Com-
plaint Center, the center referred three times as many complaints to law enforcement
agencies in 2002 as it did in 2001, and victims of Internet fraud lost $54 million in
2002, up from $17 million in 2001. For the third straight year, Internet auction fraud
topped the list of reported offenses, accounting for 46 percent of referred complaints,
followed by nondelivery and nonpayment of merchandise (31 percent of complaints)
[38]. Obviously, with the growth of electronic transactions, online fraud is rising at an
alarming speed, significantly affecting consumer trust toward electronic commerce
and posing serious threats to the increased participation in electronic markets.

Recognizing the potentially damaging effects of online fraud on electronic com-
merce and responding to the need of promoting trust and creating a safe online trans-
action environment [8, 27, 29], many researchers have begun to look into the role of
various formal or informal mechanisms to encourage trustworthiness and reduce risks
in the electronic market [5, 6, 11, 19, 29, 30]. Trusted third parties (TTP) such as
escrow.com and VeriSign have also emerged. Are they able to facilitate the growth of
electronic markets? What are the theoretical justifications to the existence of these
services?

In this paper, we study the evolution of transaction conventions, whereby a conven-
tion is defmed as a pure strategy Nash equilibrium where everybody continues to play
the same strategy, barring errors or experiments [46]. Using both simulation and ana-
lytical modeling, we study how transaction models evolve, depending on product
characteristics and the information available to market participants, and attempt to
show, through the dynamics of the market evolution process, which transaction model
(equilibrium) will be established, among several models, as the convention in the
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future. In addition, we will show that an important determinant in the evolutionary
process is the manner in which people adapt their behavior. As a result, we investigate
whether different models of behavioral change give rise to different outcomes of the
market evolution. Through this analysis, we hope to provide insights to how
e-commerce companies should position and manage their transaction models for com-
petitive advantage.

Trusted Third Parties in the Electronic Market

THE PRESENCE OF ASYMMETRIC INFORMATION contributes to the fundamental lack of
faith between most businesses and consumers on the Web today [24]. Buyers inevita-
bly face many difficulties in selecting reliable sellers and quality products, which in
turn, produces the lemons problem [1], whereby bad products drive out good prod-
ucts due to asymmetric information such as product quality uncertainty. Sellers may
face the problem of nonpayment for merchandise, the usage of stolen credit cards, or
illegitimate returns of swapped merchandise by the buyers. Thus, there is the need for
institutional setups that can encourage trustworthiness among trading partners, mini-
mize misrepresentation of product offerings, and encourage consumer confidence in
online markets.

Many researchers are exploring the role of intermediaries or TTPs in electronic
markets. Sarkar et al. [40] propose that widely available information infrastructures
will not only reinforce the position of traditional intermediaries but also promote the
growth of a new generation of "cybermediaries." Regarding the problem of asymmet-
ric information, some research has proposed empowering customers engaged in elec-
tronic commerce by providing access to more advanced and powerful technological
tools to conduct business transactions (e.g., [13, 35, 41]). Lee and Yoo [30] focus on
the problem of quality discovery in the trade of physical goods in electronic markets.
They argue that a third-party mechanism can provide quality inspection, therefore,
solving the lemons problem. In other words, a TTP mechanism can help an auction-
eer successfully implement an electronic auction market for goods with complex at-
tributes. Ba et al. [6] spell out an analytical design of aTTP from an economic incentive
perspective to deal with the issue of information asymmetry and to encourage and
maintain trustworthiness, vital to the growth of electronic commerce. Hu et al. [26]
study a special type of TTP, online escrow service providers, and provide guidelines
for online escrow service providers to establish an optimal pricing strategy. Ba and
Pavlou [4] use customer feedback data from eBay to illustrate that feedback systems
may serve as a TTP that enhances a seller's trust evaluation among buyers, thus gen-
erating price premiums for the seller. Resnick et al. [37] also note that eBay attributes
its high rate of successful transactions to its Feedback Forum.

In practice, systems designed to facilitate online transactions have also emerged.
Currently, there are several intermediaries that serve as TTPs to disseminate online
product quality information or to ensure safe transactions. For example, escrow.com
acts as a TTP for online auction buyers and sellers by managing the payment process
during a transaction. Bizrate (www.bizrate.com) uses information from consumers to
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keep track of merchants' reputations. iExchange (www.iExchange.com) monitors
reputations of stock market analysts according to the performance of their picks.
Although these intermediaries conduct their services in certain business settings, they
all utilize the idea of externalizing private knowledge to reduce asymmetric informa-
tion in the electronic market, thus reducing online transaction risks and promoting
the welfare of their users.

Given the various transaction models available, how will the market evolve? Will
the TTP model thrive in the electronic market? Although TTP services may increase
the payoffs of their users [4, 30, 37], online users currently do not use those services
as often as expected [15, 26]. Similarly, the commonly accepted assumption that op-
erating an electronic channel is more cost-effective for commodity products than
maintaining a physical presence does not necessarily imply that electronic transac-
tions will be the new convention. Even though everyone would be better off with an
electronic channel in this instance, it might be hard to change from a former conven-
tion to a new convention. One only has to bring to mind the "standards wars" in
technology (e.g., DOS-Windows versus Mac operating systems): the better standard
is not always the one to eventually win out; many times it is the convention that gets
established first that remains in effect. Eor example, Bikhchandani et al. [9] discuss
how quickly such conventions may get established in the presence of noisy signals.

Using evolutionary game theory [45,46], we examine different transaction models,
including different strategies, of both buyers and sellers in traditional markets and
electronic markets, and illustrate which transaction equilibrium is stable and can be
established as the prevailing convention in the long run. In the next section, we de-
scribe two main factors that affect the market evolution process: the characteristics of
the products involved in market transactions and the market participants' learning
behavior.

Major Determinants of IVIarket Evolution: Product
Characteristics and Learning Paradigms

As E-COMMERCE DEVELOPS, many companies have come to realize that on the Web,
not all products are equal. Products possess both different characteristics and qualita-
tive differences of the same characteristics. Therefore, understanding the role of product
characteristics and how these characteristics might affect consumers' shopping be-
havior is important for understanding transaction strategies.

Since the inception of commercial activities on the Internet, information asymme-
try has been perceived by some to be a significant barrier to the extensive acceptance
of the electronic market [6, 12]. Among the many aspects of information asymmetry,
product quality uncertainty is closely related to online fraud: trading parties often do
not have the same information about the product quality. Eor example, when bidders
view a product listing at an online auction site, they may not have easy access to
information regarding the true quality of the product. Recognizing the difficulty of
guaranteeing product quality, eBay excuses itself from the responsibility in its User
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Agreement, saying the company "has no control over the quality, safety or legality of
the items advertised, the truth or accuracy of the listings."' Without a doubt, informa-
tion asymmetry exposes electronic market participants to more risks and fraudulent
transactions.

Understanding product characteristics is essential to consumers' ability to appraise
product quality online, which, consequently, affects their shopping behaviors.
Hotelling's spatial-competition model [25] has long demonstrated that in addition to
price, product characteristics such as quality, color, and shopping place also deter-
mine from which seller a buyer will purchase a certain product. For example, the
quality of commodity products, such as stock shares and paper clips, can be clearly
and contractually articulated and conveyed. Touching and feeling such products are
unnecessary. The convenience of being able to browse the Internet in one's own liv-
ing room has added value. On the other hand, sales of products such as artwork,
which has a strong "look and feel" nature, will be highly affected by information
asymmetry. De Figueiredo [ 14] develops an e-commerce product continuum in which
he characterizes products into commodity products (e.g., oil, paper clips), quasi-com-
modity products (e.g., books, CDs, videos), "look and feel" products (e.g., suits,
homes), and "look and feel" products with variable quality (e.g., art). Ceteris paribus,
quality is easiest to judge on the Web for commodity products, but most difficult to
judge for "look and feel" products with variable quality. For the latter, direct experi-
ence adds to the customer's total utility. Buyers need to actually touch, feel, try on, or
see these products in person before they buy. A simple description would not be
enough for a discerning shopper.

In this paper, we are primarily concerned with products that are commonly traded
in a consumer-to-consumer (C2C) or business-to-consumer (B2C) environment, but
are not widely available; for example, collector's items such as rare coins or stamps,
specialty products such as very specific photographic lenses, or works of art that are
hard to find. Such products may be commodity products or "look and feel" products.
For instance, the characteristics of lenses are well defined and well described as quasi-
commodity products, but the vast assortment means that not many choices are kept in
stock. These items may be offered for sale through online auctions (by individual
sellers or small retailers), or may be available from (small) retailers' Web sites. In the
physical world, such items are sold by a small number of (specialty) stores or indi-
viduals (e.g., through classified ads). In these situations, the matching of buyers and
sellers is difficult. Our model does not apply to transactions involving large e-tailers
(such as Amazon.com). Such transactions are better modeled as Stackelberg games,
where the large e-tailer is a long-term player who would be committed to its Stackelberg
strategy.

In addition to product characteristics, traders' adaptive behavior may also affect
their choice of transaction models, and thus the evolution of the market. In this paper,
we investigate how information used by the transacting parties influences their be-
havior and, in turn, determines the evolutionary path of the market system.

The dynamics of a system are determined by how players adapt their strategies, or
what learning paradigms they use. There are different ways of adaptive play that are
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mostly influenced by the players' cognitive abilities and the information or memory
the players possess [45]. Therefore, we model the market dynamics in two different
ways, each with its own interpretation in an e-commerce environment.

The first method of learning we study is one of Natural Selection, a term coined by
biologists to indicate that species with superior strategies would create more off-
spring than others and hence be "naturally selected" [44]. In our setting, players in
this framework have the least amount of infonnation available: they mimic the behav-
ior of more successful players, or, equivalently, experiment with different strategies
themselves, thus being pulled toward the strategy that for them yields the higher av-
erage payoffs. This model is appropriate when players either have no (historical)
information about the players they are matched against, or are unwilling to use past
information about other players' strategies as a predictor of future behavior. For ex-
ample, in a C2C environment (or in a B2C environment where the online merchants
do not have an established reputation), when there is no information available about
sellers (e.g., in the absence of feedback mechanisms), buyers may not be aware of
what strategies sellers may have played in the past, or may be unwilling to use this
information as a future indicator if they are afraid that a seller may suddenly start
milking his or her good reputation and shift strategy.

The second learning paradigm we use to investigate the market dynamics is the Best
Reply model, an adaptive mechanism that has been studied by game theorists (see,
e.g., [20]). Here players optimize their expected payoff, given what they expect others
to do. The expectation of others' behavior is derived from a sample of the histories of
other players' past actions. In this model, information about other players' past actions
is a necessity, and every player must be willing to use that information as an indicator
of future behavior. Therefore, a mechanism such as eBay's Feedback Forum, which
disseminates information about the players' past behavior, becomes critical. In addi-
tion, we allow every player to "deviate" from the optimal strategy with a very small
probability. That is, a player sometimes may want to experiment with a strategy that is
not necessarily optimal based upon his historical information: the player may make a
mistake, or is bound by limited information-processing capability, or just plain wants
to do something different and comes up with a strategy that does not yield the highest
expected payoff.

Although seemingly related, the two learning paradigms model two different pro-
cesses: Natural Selection models the diffusion of be havior throughout the population
(where the behavior of the individual decision-maker is abstracted out), whereas the
Best Reply paradigm models the evolution of the actions of an individual (rational)
decision-maker. The first model requires the least cognitive abilities: the players do
not need a memory of past plays, nor do they need to compute an optimal strategy.
The Best Reply model assumes that players have access to a history of plays, that they
are willing to use that information to guide future actions, and that they can compute
the optimal strategy given the available information.

The two different learning models do not yield the same outcomes. The natural
selection model gives rise to evolutionarily stable strategies (ESS) that form evolu-
tionarily stable equilibria in which no small group with a "mutant" strategy (i.e., one
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that deviates from the ESS) can successfully invade the population (i.e., get a higher
payoff). An evolutionarily stable equilibrium is not necessarily unique and depends
strongly on the initial conditions of the system. Different starting conditions may
yield different final equilibria.

The equilibrium of the best reply model, by contrast, is always unique (save for ties
in the payoffs of the conventions). The resulting equilibrium is a stochastically stable
equilibrium (SSE), which is independent of the initial conditions of the system. An
SSE is a convention that, among several Nash equilibria, is asymptotically observed
with positive probability.

Either an evolutionarily stable equilibrium or an SSE is a convention that gets es-
tablished as the most prevailing convention over time. An ESS is a convention that
survives all other conventions, because the ESS strategy gives the players the highest
payoff and choice of another strategy by a small number of players gives a lower
payoff On the other hand, the SSE is the convention that is played most frequently
over time. In other words, a convention other than the SSE may be played for a short
amount of time, but the process will quickly revert back to the SSE. In the fourth
section, we identify the corresponding prevailing convention based on the learning
paradigm the players choose. For further comparisons between an evolutionary stable
equilibrium and an SSE, we refer the reader to the abundant literature on evolutionary
game theory, such as Young [46].

The Evolution of Ivlarket Transactions

Modeling Assumptions

MODELING BUYER-SELLER BEHAVIOR is a difficult task. Consumer behavior litera-
ture [2, 33] distinguishes types of buying processes broadly as "planned" (e.g., a
completely rational buying decision) and "unplanned" buying (e.g., impulse buying).
Within these categories, different phases have been identified. For planned buying,
these phases consist of need identification, evaluation of alternatives, and, finally,
choice of outlet. In each phase, the consumer acquires information and, hence, incurs
some search cost. The buying process may be abandoned during any of these phases.
Different unplanned buying transactions, on the other hand, have varying phases and
may not even succeed in the same manner.

In order to abstract away from the different buying processes and search costs, we
model vendors and buyers as playing a game with asymmetric strategies where they
are randomly matched with each other. Although implicit, we assume that the seller
has decided on a transaction channel(s) first, but the buyer is not aware of the seller's
choice. When the buyer decides to purchase a product, he or she chooses a channel
and tries to identify a seller who has a product that satisfies his or her need. In prin-
ciple, we assume trade is possible, but only if the consumer and the vendor choose a
compatible transaction channel. If not, the possibility of trade is forgone/or now and
the buyer/vendor may match in the future when compatible modes are chosen (or the
buyer may abandon the buying process). By not allowing a trade, we implicitly model
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search cost: the gains from trade will only be realized later, incurring an "opportunity
cost," which accounts for the search cost as well. The choice of a compatible transac-
tion channel plays an important role in the different stages of planned buying: acquir-
ing information and final purchase are only possible when buyers and sellers
communicate through the same channel. Unplanned buying (especially impulse buy-
ing), on the other hand, is to a large extent conditioned on which transaction channel
is chosen. In essence, buyers and sellers face a coordination problem [36]: potential
buyers and sellers may not know of each other's existence and both parties have to
make a choice on where to look for the other party.

We model an asymmetric game played by a seller with seven strategies and a buyer
with four strategies (Table 1). Overall, both the seller and the buyer may adopt the
traditional transaction channel (transaction in a physical store) or the electronic trans-
action channel (transaction online). Specifically, both the seller and the buyer may
have the following four common strategies: traditional transaction (7T), cheating on
electronic transaction {ET^) (e.g., the fly-by-night strategy), playing honest on elec-
tronic transaction {ET^, and electronic transaction through a TTP(£'7TP) (e.g., using
an online escrow service, authentication service, or other TTP). Moreover, the seller
may offer both traditional transaction and electronic transaction simultaneously, there-
fore having three additional strategies: traditional transaction or playing honest on
electronic transaction {ETJTT), traditional transaction or electronic transaction through
TTP (ETTP/TT), and traditional transaction or playing honest on electronic transac-
tion or electronic transaction through a TTP {ETJETTPITT). We assume sellers will
not cheat if they have physical stores, since we are only concerned with incremental
cheating behavior specifically enabled by the electronic channels. In addition, since
buyers always purchase products through a pure transaction channel, we do not model
buyers with strategies combining multiple channels, as this would mean that the buyer's
search costs are increased and we will not be able to model search costs implicitly as
the opportunity cost of trade lost. This framework can apply to the B2C market (e.g.,
small online retailers of electronics such as the ones rated on www.resellerratings.com)
or the C2C market (e.g., online auction markets). According to a recent FBI report
[38], such markets have the highest cases of online fraud, and the number of fraud
cases is rising at an increasing rate every year.

If both the buyer and the seller adopt ET^, then their payoffs will be x^, x^, respec-
tively. If they both adopt £7;, then the payoff will be -t^ for the buyer, -t^ for the seller
(-ff -h - 0) because each suffers some loss (e.g., time lost) by playing the cheating
strategy. If both play ETTP, then the payoff will be a^ for the buyer and a, for the
seller, where a^-x^- c/'^'", a^ = x, - cf^i". In other words, if both trading parties want
to use a TTP (e.g., escrow service), then they will have to pay c^^'' and cf^'' for the
cost of the service. When both players play TT, the buyer gets b^, and the seller gets b^.
Because the electronic market is expected to be more efficient than the traditional
market due to lower transaction costs [31, 32, 42], it is reasonable to assume for the
seller that b^= x^- c/^ and cf'^'' < c^ (or equivalently, b^ < a,). With respect to
commodity and quasi-commodity products, we further assume that for the buyer b^ -
Xi, - cj^ and c/'™' < cj^ (or equivalently, b^ < â ,) because of lower search costs for
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buyers in the electronic market [7, 16, 34]. On the other hand, for "look and feel"
products, because of the added utility from touching and seeing the product before
purchase, we assume that, on average, a^<Xi,< bf,.

If one of the trading parties plays £7), but the other plays ET^, the cheating party will
get a payoff ofx + g, where g is the extra gain from cheating, and the cheated will get
a payoff of x - / < 0, where / is the loss from being cheated. When incompatible shop-
ping channels are chosen—say, (ET^, TT) or (ETTP, TT)—the transaction cannot hap-
pen, thus the payoff is (0,0). That is, a transaction could not take place because either
the parties insisted on transacting in different channels or they were not aware of the
possibility of trade since they were using different channels in the present time period.

When a seller offers multiple channels such as ETJTT, ETTPITT, or ETJETTPITT,
then the transaction can happen when the buyer's channel matches one of the chan-
nels offered by the seller. For example, if a buyer adopts ETTP, and a seller adopts
ETJETTPITT, then, basically, the transaction will be played out by (ETTP, ETTP).
However, since the seller offers multiple channels simultaneously, he or she will in-
cur an additional cost c to maintain both the traditional channel and the electronic
channel. Therefore, the buyer still gets payoff a,,, but the seller gets payoff a, - c.
Similarly, if a buyer and a seller play {ET^, ETJTT), then their payoffs will be (xj -i- g,,,
x,-{l, + c)).

In the next two subsections, we will demonstrate that the two learning paradigms
discussed in the third section yield different outcomes for market evolution, and that
only the best reply model yields a unique equilibrium. We will discuss learning by
natural selection and the best reply model in subsections.

Learning by Natural Selection or Imitation

We first study the dynamics of the market when buyers and sellers of commodity and
quasi-commodity products use the least information and adapt their strategy based on
the results of their past behavior or of peers' results (e.g., buyers communicating to
other buyers the average payoffs of their strategy). Less successful traders adjust their
strategies and switch to a new strategy that they perceive as more successful—that is,
having higher average payoffs. We start with an initial distribution of buyers and
sellers playing strategies / and), respectively. After a certain number of trades, play-
ers with the lowest total payoff in the population consider changing their strategy. We
repeat this process long enough until the system becomes stable—that is, until an
ESS is reached. It is known that for an asymmetric game, the evolutionarily stable
equilibrium corresponds to a pure strategy Nash equilibrium [39]. We introduce an
agent-based simulation to get insight into the evolutionary path and the robustness of
the equilibrium as a function of the initial conditions and other parameters of the
system. A similar evolutionary game theory approach based on simulation has been
applied to a wide variety of economic problems, from analyzing the evolution of
bargaining [10] to the evolution of the medium of exchange in an economy [23].

Our agent-based simulation has a population of Â  buyers and A' sellers. A' stays
constant over time. There are A'," buyers of type / and A'̂ " sellers of typey originally. A
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buyer of type / always plays strategy i and a seller of typey always plays strategy7. In
each time period t, every buyer is randomly matched with a seller, and the payoffs as
a result of this pairing are as given in Table t. Each buyer and seller trades exactly
once during each time period, and this is repeated Ttimes. A period consisting of T
time periods is called an epoch, and is indexed by rj. At the end of each epoch, the
total wealth is computed from the payoffs in these JT transactions. The 0 buyers and
sellers with the lowest wealth accumulated after each epoch will die off and be re-
placed by G new buyers and sellers. That is, the economic agents who are less suc-
cessful will leave the game or adapt to other strategies that are likely to be more
successful. The new buyers and sellers are generated in proportion to the surviving
individuals after each epoch—that is, the probability that a new buyer of type i is
generated after epoch rj is

( t £ ) + ( l £ ) ^ ,
L^k "^ N-d m
k

where Np are the survivors of type / at the end of epoch ?;, e is the probability that the
player chooses a "mutant" strategy—that is, a random strategy with equal likelihood—
and m is the number of strategies available. Hence, the strategies of the types who
accumulated less wealth (and were thus likely to have disappeared at the end of epoch
rj) are less likely to be imitated than the strategies of the individuals who were better
off.

Note that our regeneration of strategies is more conservative than the standard
replicator dynamics (the replicator dynamics is {dpjldt) = p!{nl - n'), where p/ =
(N!lN), and n! and n' are the average payoffs for type / and the overall average payoff,
respectively, in time t) used in evolutionary dynamics (see, e.g., [t8]). The latter has
a growth rate proportional to the average payoffs of the types, whereas our growth
rate is proportional to the players who decide not to change their strategy, and in
general, is slower than the replicator dynamics. The intuition behind our growth rate
is that we assume in our setting that players who want to switch their strategy may
have an idea about which strategy is performing better (because more players are
using it or other players are sticking to their strategy), but they do not observe other
players' average payoffs (as it would be hard to get information about others' exact
payoffs).

After running many simulations, a typical outcome for the evolution of the buyers'
strategy in a market with commodity goods is displayed in Figures 1 and 2. In both
cases, the distribution of buyers' (as well as sellers') strategies was uniform; Figure t
starts out with buyers evenly distributed over the four strategies, whereas Figure 2 has
twice as many buyers playing TT than the other three strategies. In Figure 1, the
evolutionarily stable equilibrium becomes {ETTP, ETTP), whereas in the second situ-
ation it is {TT, TT). The outcomes seem to be robust for different values of the payoffs
and different values of ^, T, and e (e determines the convergence rate; the lowers is,
the. faster the equilibrium is reached). The graphs for sellers' strategies look similar.
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Figure 1. Uniform Distribution of Initial Buyer Strategies (Â  = 200, 0 = 25, e = 0.20)
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Figure 2. Initial Buyer Population with TT Doubled {N = 200, 0 = 25, e = 0.20)

Figure 3 displays the same situation, with the difference that the number of honest
buyers/sellers {ETJET^) is high and there are no people playing ET^ in the beginning
(the only ET^ strategy is a mutant strategy). We would like to see which equilibrium
would appear in this case, and find out whether {ET^, ET,) will become the equilib-
rium. It turns out that despite the abundance of ET,, players (both buyers and sellers),
(ETIJ, ET,,) is not an evolutionarily stable equilibrium as could be expected. Again,
Figure 3 only displays the evolution of buyer strategies, but the evolution of seller
strategies looks similar. It is interesting to follow the behavior of the system: at first
honest players are being forced out by dishonest players, but since there are only
dishonest players left, it becomes favorable to play a strategy that is robust against
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80 time 100

Figure 3. Initial Distribution of Buyer Strategies (ET^, ET^, ETTP, TT) is (0 percent, 70
percent, 5 percent, 25 percent) (with N = 200, 6 = 25, e = 0.20)

cheating: ETTP or TT. When dishonest players have been weeded out, the ETTP
strategy takes over as the dominant strategy because of the higher payoffs and be-
comes the eventual ESS.

In conclusion, if the transacting parties adapt their behavior by imitating more suc-
cessful behavior, ETTP becomes the ESS in most of the cases. That is, ETTP be-
comes the new convention for market transaction. Only when there is a dominant
proportion of traders who insist on transacting over the physical channel does TT
become the ESS. However, as will be seen in the next section, when traders use his-
torical information about strategies played by the other party, the stochastically stable
equilibrium for commodity and quasi-commodity products is always ETTP.

For "look and feel" products, similar phenomena were observed. That is, the final
ESS was dependent upon the initial distribution of the strategies in the population.
But the dependence is more pronounced. In addition, the ESS was also a function of
the relative payoffs of ETTP and TT for the buyers and sellers. That is, for "look and
feel" products, the payoff for buyers (on average) is higher using TT than using ETTP,
whereas for the seller, the opposite holds (operating an electronic channel is always
considered less expensive than maintaining a physical outlet, regardless of product
characteristics). Hence, if the relative gain of using ETTP for the seller outweighed
the relative decrease in payoff for the buyer, (ETTP, ETTP) was more likely to be-
come the ESS when the initial distribution of TT players was not too high. Otherwise
the (TT, TT) became the new ESS. These results are consistent with the analytical
results in the best reply model presented analytically in Corollary 2. Again, we have
never observed (ET,,, ET^), (ET^, ET^), or any other strategy pair to become an ESS.

In conclusion, we can say that the simulations show that unless the initial distribution
of the population is predominantly playing one pure strategy (such as TT), the final
ESS becomes the socially desired one—that is, the Nash equilibrium with the highest
social welfare. Thus, switching channels to the most socially preferred channel (in
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terms of welfare) is most likely to take place, when the initial population is not already
locked into another (inferior) convention.

The Best Reply IVIodel

In the best reply model it is assumed that players use historical information about the
other player's actions as indicative of future actions. Rather than looking at how cer-
tain behavior in the population is diffused, as in the previous subsection, here we
model the individual actions of a decision-maker who, based on historical informa-
tion about his opponent, computes a best reply strategy. The best reply is computed as
follows. This model underlines the importance of feedback profiles on the Web, where
trading parties can gauge past actions and determine a best reply based on them. We
assume that the history of the past m plays is available, and, because m may be large,
and that a player samples k out of the m plays to compute his best reply strategy as
follows. Let p/(x) be the proportion of the time strategy x, was played by player i in
the sample of k plays. A best reply strategy x/ip/) for playery ^ i is the strategy that
maximizes/s expected payoff, assuming i chooses his strategy according to the dis-
tribution Pi'ixl).

We first need some preliminary results. In the following, define L{s) to be the length
of a shortest directed path in the best reply graph from a strategy-tuple ^̂  to a strict
Nash equilibrium.

Lemma: The game from Table 1 is a weakly acyclic game^ and Lp =
max^fL(s)j = 3.

Proof: See the Appendix.

The consequences of the lemma are that the conventions of a weakly acyclic game
are always pure strategy Nash equilibria and that ifk< m/{Lj- + 2), then the best reply
behavior converges almost surely to a convention. The fact that the sample size k
should be less than or equal to 20 percent of the available history m is not a severe
restriction: typically, there exists an abundance of feedback reviews about past trans-
actions such that a player computing a best reply strategy will only sample a small
subset of this available information. Therefore, in the game described in Table 1,
with incomplete sampling, which introduces stochastic variation into the players'
responses, a possibility exists that the players will coordinate by chance, and if they
do so frequently enough, the process eventually converges to a pure strategy Nash
equilibrium.

In the model stated in Table t, there are only two pure strategy Nash equilibria:
(ETTP, ETTP) and {TT, TT) for both commodity/quasi-commodity products and "look
and feel" products. Note that there is a unique Pareto optimum {ET,,, ET,), but it is not
a Nash equilibrium. This follows from the well-known fact that the subgame consist-
ing of the strategies ET^ and ET,, is a "prisoner's dilemma" game [2t]. Hence, this
Pareto optimum is not attainable without imposing further rules, if we assume that
both players are free agents. Even when the prisoner's dilemma game is played re-
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peatedly, we know that it does not necessarily give us a Pareto optimal outcome.
Therefore, the question now is: which strategy will be the prevailing convention with
the existence of the electronic market?

Presently, traditional transactions have been a widely accepted practice for many
years, whereas electronic commerce is only a recent phenomenon enabled by net-
work technologies. As we mentioned before, the traditional market is a social-eco-
nomic Nash equilibrium that has been functioning properly. People are comfortable
with the mechanisms embedded in the current equilibrium: there are mechanisms in
the traditional market to facilitate transactions, such as payment settlement methods
and trust-building mechanisms (e.g., credit systems, rating agencies). Therefore, there
is no incentive for business parties to deviate from it. The new electronic market,
although offering many advantages, inevitably involves risks, some of them being the
security concerns and product quality uncertainties. Although these risks can be miti-
gated through TTPs, moving into a new equilibrium takes time and learning. Given
the existence of multiple Nash equilibria and the current institutional infrastructure
that is functional for TT, will the market eventually learn to use TTPs? We use the
stochastically stable equilibrium theory [45] to study the process. Simply speaking,
stochastically stable equilibria are calculated by finding the paths of least resistance
among equilibria, and then discovering the equilibrium among them that has the low-
est overall resistance. This represents a special case of a general theorem on per-
turbed Markov processes [17] that characterizes their stochastically stable states
graph-theoretically.

Let r be a two-person asymmetric game. Let 5, be the finite set of strategies avail-
able to player / (/ = 1, 2). Let A' be a finite population of traders that could be classi-
fied into two nonempty classes C,, C2. Each member of C, is a candidate to play role
/ in the game. For instance, C, is the class of buyers, and Cj is the class of sellers.

Let t - 1,2,..., represent sequential time periods. The game is played once each
period. One individual is randomly drawn from each of the two classes and is as-
signed to play role / in the game in period t. We denote the two players as Player 1
(e.g., buyer) and Player 2 (e.g., seller). Player 1 and Player 2, respectively, pick pure
strategies s^it) and A'2(?) from their strategy space, according to the rule defined below.
The strategy-tuple s{t) = (.s,(0, ^2(0) is recorded as the play at time t. Up to time t, the
history of plays is the sequence h(t) = {s{l), s(2),..., s(t)). The histories are assumed to
be anonymous: it is not important who exactly played a given strategy in a given
period. What is important is the information that a given strategy was played by some-
one.

The following is the rule for players to choose their strategies. Fix integers k and m
such that 1 < A; < OT. In time period t+]{t>m) each player examines k plays that are
drawn without replacement from the most recent m periods t,t-\,t -2,..., t-m+ \.
The draws made by each player are independent.' We assume that every subset of k
has a positive probability of being Player 1 's or Player 2's information."* For the sake
of generality, we can assume that the first m plays are randomly selected. Therefore,
in period f = m + 1, the sampling process starts from some arbitrary initial sequence of
OT plays h{m) = (s(\), s{2), ..., s{m)).
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Theorem I: (ETTP, ETTP) is a unique stochastically stable equilibrium for com-
modity and quasi-commodity products (that is, when â  = x,, - c,,'''"''', b,, ̂ x^ - c^",
r. ETTP ^ /̂  TT

Proof: See the Appendix.

For "look and feel" products, we assume that â  < b^, since the buyer's payoff is
higher when the product can be experienced in a traditional store, but a seller's cost of
operating a physical store is assumed to be higher than operating an electronic chan-
nel, even with the costs of using a TTP added in—that is, b^ < a^.

Corollary 2: Eor "look and feel" products (i.e., when â  < b,,), the unique sto-
chastically stable equilibrium is

a. (TT, TT) if and only i / fb/aj > fa/bj,- and

b. (ETTP, ETTP) if and only if(W\) < Ca/bJ.

Proof: See the Appendix.

Corollary 2 is interpreted as follows: when the buyer's relative gain in payoff (i.e.,
bja^) from using a traditional channel is higher than the cost savings the seller would
realize from using the ETTP strategy (i.e., aJbX (TT, TT) becomes the stochastically
stable equilibrium; otherwise, the electronic channel (with TTP) becomes the pre-
vailing convention.

Market Transformation and Conclusion

THE ABOVE ANALYSES INDICATE that due to the nature of the product, the market will
have some divergence. Some products are more suitable for the electronic market,
whereas others are more suitable for the traditional physical market, and one expects
both types of markets to coexist. The market divergence results from market partici-
pants' adaptive behavior and the product characteristics.

We recognize that many online transactions may not need TTP services. For ex-
ample, when a consumer buys a book from Amazon.com, which is perceived as an
honest seller, the consumer most likely feels confident that Amazon will not suddenly
switch to an opportunistic strategy. There is a significant segment of online transac-
tions, however, that takes place among individual consumers or involves small retail-
ers who do not have brand-name recognition and may act opportunistically. Then
concerns about privacy, security, or online product and service quality may influence
a player's willingness to transact online. For example, many customers turn to the
World Wide Web (e.g., virtual malls and virtual bookstores) primarily to browse, not
to buy, and many businesses have been hesitant to incorporate electronic commerce
into their operations. However, the tremendous advantages offered by electronic com-
merce, such as lower transaction costs, greater choice, and a potentially worldwide
customer and vendor base, will undoubtedly fuel the growth of the digital economy.
Under the right circumstances, the payoff structure â  > b^, a^ > b^ would prevail and
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market participants would gradually learn that transacting in the electronic market
using a TTP yields higher payoffs. While we agree that the transformation could be a
very long process, and we do not expect that the above payoff structure would hold
for every transaction, the electronic market with TTPs will surely emerge as the domi-
nant environment for conducting commerce in the future for certain products. The
equilibrium level of use depends upon the extent of its economic advantages over the
traditional market it competes with.

One question critical to the transformation from the traditional market to the elec-
tronic market is how well consumers are able to evaluate characteristics of goods in the
digital environment. At the moment, the most frequently purchased products online
are books, music CDs, software CDs, video games, hardware, and electronics [43].
That is, consumers are buying digital products, such as digital CDs, software, enter-
tainment products, as well as other information-based products that can be digitized
and delivered via the network efficiently. They are also buying products that are physi-
cal goods but whose characteristics are well known or easy to perceive on the network
(e.g., commodity or quasi-commodity products such as paper clips and books). For
most "look and feel" goods, however, consumers still resort to the traditional market
due to the difficulties of evaluating the characteristics of goods online, and our analy-
sis suggests that this will remain so. For example, many consumers prefer to buy fruits
in a traditional grocery store rather than ordering online, because they can better choose
the color and ripeness of the fruit. For companies planning to compete in the electronic
market, they need to carefully devise their strategy based on their product offering and
provide information that is designed to help consumers understand their products. In
addition, strategic alliances with well-established businesses or TTPs may be needed
to enhance their reputation and trustworthiness with potential customers.

During this transformation process from the traditional market to the electronic
market, the invention of new technology and acceptance of new technology will be a
fundamental force. New technology utilized by vendors' storefronts will provide more
possibilities for consumers to evaluate product characteristics. For example, with vir-
tual reality, "(W)hen you're shopping for clothing, it will be displayed in your size"
[22, p. 166]. Products that require direct personal experience may one day relax the
requirement. Moreover, various TTPs will come out and add value for buyers and
sellers in the electronic market. In that case, the electronic market with TTPs still
dominates as the convention, no matter what market participants' learning behaviors
are. Obviously, the development of electronic commerce exerts immense pressure on
the current technology applied in the electronic market. We believe that the emer-
gence of new technologies in electronic markets will eventually make most of the
conversion a reality.

Another force fueling the transformation from traditional markets to electronic
markets is that brought about by network externalities [3, 28], which means that the
value of electronic markets increases as more people use them. As more and more
consumers jump onto the Internet bandwagon, the electronic market will become a
marketplace that merchants cannot ignore. As a result, merchants can provide more
product choices, thus attracting more customers. Therefore, network externalities
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encourage the use of electronic transactions—the more online transactions, the lower
the setup and transaction costs. Positive network externalities are implicit in our model
because the more people use a certain strategy, the easier it is to transact with them
using that same strategy.

A limitation of this research is that our current model only applies to online C2C
markets and B2C markets where online merchants do not have an established reputa-
tion. Relaxing some of the assumptions in the evolutionary game-theoretic model
might provide a more general framework that can be used to analyze the overall
market transformation, including the business-to-business (B2B) markets. In addi-
tion, empirical research examining transaction patterns and their evolution over time
in markets such as eBay will complement and hopefully confirm our analytical re-
sults. This will be the next step in this line of research.

In conclusion, using an evolutionary game theory approach, we analyzed conven-
tional and electronic markets, and demonstrated that there are two different conven-
tions under two different payoff structures resulting from the different natures of
products. Therefore, traditional markets and electronic markets will coexist under the
current technological and social environment. With the development of new tech-
nologies, however, "virtual reality" may become a possibility. The implementation of
virtual reality to convey product characteristics too complex to be conveyed by cur-
rent technologies could lead to increased electronic transactions facilitated by TTP.
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NOTES

1. Directly quoted from eBay's User Agreement (pages.ebay.com/help/policies/user-
agreement.html, accessed November 20, 2003).

2. A game is weakly acyclic if, and only if, from every strategy-tuple there exists a finite
sequence of best replies by one agent at a time that ends in a strict, pure strategy Nash equilib-
rium [45].

3. The sampling procedure can be explained in the following two ways: First, each player
asks around (or reads feedback messages) to learn how the game was played in recent time
periods. He stops reviewing the previous plays when he has inspected k different plays within
the last m periods. For example, this is the player's maximum capability to obtain information.
Second, each player just passively hears about certain previous plays, and k is the number of
previous plays that come to the player's attention. Therefore, the fraction kini assesses the
completeness of the players' information relative to the surviving previous plays.

4. It is not necessary to assume that every subset of/: previous plays out of the last m would
be selected with equal probability as a player's information set. This is reasonable, considering
that people tend to refer to recent history when making decisions.

5. Note that an absorbing state can never be a mixed-strategy equilibrium.
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