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A B S T R A C T

We develop a framework for studying the introduction of a new payment method in a
controlled laboratory environment, where consumers (buyers) and merchants (sellers) can
learn to coordinate their adoption decisions over time. The underlying game exhibits network
adoption effects as emphasized by the theoretical literature. We elicit players’ beliefs about the
adoption decisions of the other side of the market so that we can directly test for network
effects. We investigate how the additional fixed cost of adopting the new payment method,
relative to its savings on per transaction costs, affects merchant’s decisions to adopt the new
payment method and how that in turn affects buyer’s adoption decisions. We find that a low
fixed cost favors quick adoption of the new payment method by all participants, while for
a sufficiently high fixed cost, merchants gradually learn to reject the new payment method.
We also find strong evidence of network effects and that the fixed costs are important for the
strong response of seller acceptance decisions to buyer adoption decisions. An evolutionary
learning model provides a good characterization of the dynamic adjustment paths found in our
experimental data.

. Introduction

The payments industry has undergone significant changes in the past few decades. Alongside traditional means of payments
uch as cash and checks, various new means of payments have entered the payment landscape. Examples include debit and credit
ards; general purpose pre-paid cards such as Visa and MasterCard gift cards; public transportation cards that have expanded into
method of making retail payments such as the Octopus card (in Hong Kong); online money transfer schemes such as Paypal and

wish (in Sweden); mobile payments such as Venmo (in the U.S.) and WeChat Pay (in China); and virtual crypto-currencies such as
itcoin and Ethereum. In addition, new technologies are also being incorporated into existing payment methods to generate new
ays to pay; examples include contactless debit and credit cards, Android Pay and Apple Pay. Recently, many central banks around

he world have begun discussing or testing the issuance of another new payment method, central bank digital currency, or CBDC
see Boar et al. (2021)).
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In this paper we propose a framework for studying the adoption of a new payment method in a controlled laboratory environment.
n our framework, the ‘‘new’’ payment method is new in the sense that it has yet to be well-established as a widespread or default
ayment method, and not necessarily that it has only recently been introduced.1 Buyers must decide on whether and how to allocate

income to that new payment method and sellers must decide whether to accept it for payment so that both the use and acceptance of
the new payment method is a more speculative act as compared with the ‘‘old’’, default payment method, for example cash. While
the choice between cash and (say) electronic payments is one way of thinking about the choice between old and new payment
methods, a more future-oriented example would be the choice between electronic payments (old) and CBDC (new), which will also
involve an acceptance decision by sellers and a portfolio choice by buyers.

We view our experimental approach as an important and useful complement to theoretical modeling and empirical studies of
the adoption of new payment methods. The theoretical literature on retail payments emphasizes network adoption effects, which
arise because for the consumer (merchant), the benefits of adopting (accepting) a new payment method increase only if more
merchants accept (more consumers use) that payment method. However, the existence of network externalities leads to multiple
equilibria, which poses a problem for making theoretical predictions. Since equilibrium selection is ultimately an empirical question,
our experimental study sheds light on which equilibrium is more likely to obtain under certain conditions.2 In addition, while the
theory often focuses on equilibrium analysis, our experimental approach sheds light on the process through which an equilibrium is
reached in addition to the payoff considerations necessary for a new payment method to take off and become fully adopted.3

There is a large empirical literature that uses survey data to explore individual choices among different means of payments.4
Limited by the data available, these studies focus mainly on the decisions made by just one side of the payment system, either
the consumer side or the merchant side. Consumer and merchant surveys are rarely conducted concurrently and, because of high
costs, are usually run at a low frequency, e.g., every few years. Merchant surveys are scarcer because it is more difficult to recruit
merchants to participate in surveys. Therefore, it is a challenging task to study the feedback effects between the two sides of the
payment system. The feedback from merchants to consumers has been made relatively easier thanks to improvements to recent
consumer surveys that include questions on payment instruments accepted at the point of sale. Nonetheless, as pointed out in
Huynh et al. (2014), special care must be taken to handle the endogeneity of card acceptance: consumers’ choice of vendors may
depend on the cash they have on hand. The empirical evidence on feedback in the other direction, from consumers to merchants,
is mostly indirect and relies on a combination of consumer and merchant surveys conducted in different years (see Bounie et al.
(2017a), for a study using French surveys; and Huynh et al. (2019), for a study using Canadian surveys).5

Complementing theoretical and empirical studies, we build an experimental framework to study how payment adoption decisions
on both sides of the market co-evolve dynamically over time. The underlying payment adoption game captures the network adoption
effects as emphasized by the theoretical literature, and, as a consequence, our network adoption game has multiple equilibria. In
addition to exploring payment adoption choices, we elicit players’ beliefs about market conditions so that we can directly investigate
the feedback effects between the two sides. For example, we can examine how buyers’ payment adoption decisions depend on their
beliefs about sellers’ decisions, and how buyers’ beliefs respond to sellers’ acceptance choices in the past. We also study feedback in
the other direction: how sellers’ acceptance decisions depend on their beliefs about buyers’ choices as well as acceptance decisions
by other sellers. The latter channel is especially important because it is difficult to test with field data.

The varied features of new payment methods call for a broad research agenda. A new payment method can take many forms and
there are a myriad of potential factors that can affect its adoption. It can be challenging to clearly identify the factors that contribute
to the success or failure of a particular case. In this regard, the advantage of a laboratory study is that there is better control over
the environment enabling isolation of the relevant factors. In this paper, we explore the effects of the cost structure of new, prepaid
payment schemes, and its interaction with network adoption effects. A potential limitation of our analysis is that we only focus
on prepaid schemes that are denominated in the national currency. Many new payment methods are consistent with this restriction
including the Octopus card, Venmo and We-Chat pay. CBDC will also most likely adopt this same type of scheme (see Kumhof and
Noone (2018)). Still, for simplicity, our new payment method does not include the use of non-prepaid schemes such as credit cards
or payment methods not denominated in the national currency that could be subject to exchange rate risk, e.g., cryptocurrencies.

The cost structure of such payment schemes is obviously a crucial factor that affects adoption, and we attempt to capture two
reasonable cost features manifested by new payment methods in the field. The first is that new payment methods are more efficient

1 We might also refer to the new payment method as an ‘‘alternative’’ or ‘‘non-default’’ payment method since in our setup the new payment method is
lways available as an alternative to the old default payment method.

2 For theories on retail payments, see Rochet and Tirole (2002), Wright (2003), McAndrews and Wang (2012), Chiu and Wong (2014); Lotz and Zhang
2016); Li et al. (2020); and Lotz and Vasselin (2019). See Hall and Khan (2003) for a more general discussion of the process of new technology adoption.

3 Li et al. (2020) develop a dynamic model of payments system evolution, where the dynamics are driven by exogenous changes in consumer incomes and
doption costs and the payment provider (network)’s endogenous R&D investment. In our experiment, subjects interact in a stationary physical environment, but
heir beliefs and choices evolve as they learn to coordinate with one another over time.

4 For example, Arango et al. (2016) conduct an analysis using the Bank of Canada 2009 Method of Payment Survey, Koulayev et al. (2016) use the Federal
eserve Bank of Boston 2008 U.S. Consumer Payment Choice Survey, and Von Kalckreuth et al. (2014) use the Deutsche Bundesbank 2008 Payment Habits in
ermany Survey. Recently, Bagnall et al. (2016) studied consumers’ use of cash by harmonizing payment diary surveys from seven countries.

5 Survey data can be subject to errors due to insufficient incentives for truthful or careful reporting, or misunderstandings about the questions posed; these
roblems are alleviated to some extent in an incentivized experimental study where subjects are quizzed on their understanding of the rules prior to play and
re paid based on their performance in accordance with the model’s payoff structure. In addition to studies using survey data, other research – including Klee
2008), Cohen and Rysman (2013), and Wang and Wolman (2016) – use scanner data to study payment choices at the point of sale. Compared with survey
ata, scanner data are less prone to errors and misreporting. However, scanner data are less useful for the study of payment adoption.
2
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for both consumers and merchants in terms of per transaction costs. Such a cost-saving motive lies behind the various attempts to
introduce all new payment methods: after all, if a new payment method did not offer any cost savings, there would be no reason to
expect it to be adopted (or even introduced). There is also evidence that new developments in electronic payment technology can
greatly speed up transactions and save on various handling costs associated with traditional payment methods.6

Second, as a natural force that works against the adoption of a new payment method, sellers must incur a fixed adoption or
tartup cost (besides per transaction costs) in order to process the new additional payment method to cover costs for renting a
erminal, managing the system, and training employees in the use of the new payment system. The evidence suggests that these
ixed startup costs can be substantial and play a pivotal role in adoption of a new payment method.7 For instance, a survey on

the costs of point-of-sale payments in 2014 by the Bank of Canada (see Kosse et al. (2017)) suggests that the fixed costs of debit
card processing by merchants average about 20% of the total cost (which includes fixed costs, transaction-linked variable costs and
value-linked variable costs). This fixed cost is even more important for small retailers, which tend to have a smaller number of
transactions and could partly explain the relatively low debit card acceptance rate among small and medium-sized retailers (68%)
relative to larger retailers (97%). In the case of Mondex and Visa Cash in the 1990s, Bátiz-Lazo and Moretta (2016) suggest that
the cost of setting up a chip-based acceptance infrastructure to secure nationwide universality was the main hurdle to widespread
acceptance and usage.8

Given this cost structure of the two payment methods, buyers and sellers in our environment play a two-stage game. In the
first stage, both agent types make simultaneous payment decisions. Buyers allocate their budget (endowment income) between the
existing and the new payment methods. The portfolio choice of buyers is a realistic design feature. For example, buyers need to
allocate payment balances between cash and bank account balances when choosing between cash and debit card payments. In the
future, they may need to allocate between bank and CBDC account balances or to choose between debit card and CBDC payments.
On the other side of the payment market, sellers decide whether or not to pay a fixed cost to accept the new payment method
(they always accept the existing payment method as a result of custom or due to legal restrictions).9 The second stage consists of
multiple rounds of meetings where buyers and sellers trade with each other. In each meeting, trade is successful if the buyer can
use a payment method accepted by the seller.

Due to network effects, the game underlying the experimental setup admits two symmetric pure strategy Nash equilibria. In one
of these, the new payment method is not adopted and all transactions continue to be carried out using the existing payment method.
In the other symmetric equilibrium, the new payment method is adopted and completely replaces the existing payment method.
Our treatment variable is the magnitude of the fixed cost of adoption (relative to the saving on per transaction cost), and we assess
how it affects the adoption outcome and network effects.10

Our experiment reveals that, depending on the fixed cost of adoption of the new payment method and on the choices made
by participants on both sides of the market, either symmetric equilibrium can be selected. More precisely, if sellers face a low
fixed cost of adopting the new payment method, then the new payment method is quickly adopted by all participants, whereas for
a sufficiently high fixed adoption cost, sellers gradually learn to refuse to accept the new payment method and transactions are
increasingly conducted using the existing payment method. We also test directly the feedback effects between the two sides of the
market. We find that buyers’ adoption decisions depend on their beliefs about sellers’ adoption decisions and these beliefs depend
on historic outcomes. Similarly, we find a feedback effect running in the other direction, especially for more substantial values of
the fixed adoption cost.

Finally, beyond observing dynamic behavior, we also model the dynamic process of equilibrium selection using an evolutionary
learning model that has been used to explain experimental results in other contexts. We find that this model provides a good fit to the
experimental data we collected for the original three experimental treatments of our design. Indeed, the impressive fit of this learning
model to the experimental data motivated us to use that model to design and predict outcomes for a new (fourth) experimental
treatment. We then carried out that additional experimental treatment and again report a good fit between the evolutionary model
and the experimental data. Thus, a further innovation of this paper is to demonstrate that the evolutionary learning model provides
a good characterization of buyers and sellers’ payment choices so that simulations of that model can be used for design purposes.
Based on that success, we feel confident enough to use our evolutionary model to predict what would happen over longer periods
of time, beyond the time frame allowed by a human subject experiment.

The closest paper to this one is by Camera et al. (2016), who develop a model of payment choice between cash and e-money/cards
and also conduct an experimental study. While we take inspiration from Camera et al. (2016), our project differs from theirs along

6 According to a study by Polasik et al. (2013), who analyze the speed of various payment methods from video material recorded in the biggest convenience
tore chain in Poland, a transaction using contactless cards in offline mode without slips costs on average 25.71 s, a significant reduction over a cash transaction,
hich costs 33.34 s. More recently, the Bank of Canada conducted a similar time duration study. Based on 5891 recorded transactions, the study finds that

ontactless debit and credit card transactions take about 15 s, whereas these could extend to almost 26 s when using the chip and PIN or the swipe technology
see (Kosse et al., 2017)).

7 Consumers also bear some fixed adoption costs, such as acquiring payment balances. However, the cost borne by consumers is relatively small compared
ith the cost borne by merchants. For simplicity and better control, we assume that buyers do not bear any fixed cost to adopting the new payment method

n our experiment.
8 Li et al. (2020) study the payments system evolution with a dynamic model in a two-sided market setting and calibrate their model to U.S. payment card

ata. A substantial fixed merchant adoption cost (about $500 in 1997) is needed for their model to match the card adoption pattern in the data.
9 Note that there may be fixed costs associated with the existing payment method as well. However, the decision is about whether to incur the additional

fixed cost to accept the new payment method besides the existing method.
10 In the experiment, we fix the savings that the new payment method provides on per transaction costs relative to the existing payment method and we vary

the magnitude of the fixed adoption cost for the new payment method. In all of our treatments, the theory admits multiple equilibria.
3
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several dimensions. In terms of experimental design, one major innovation is that we elicit players’ beliefs about the likely behavior
of participants on the other side of the market. This belief elicitation allows us to directly test the network adoption effects, filling
a gap in the analysis using survey data. In terms of the explanatory factor of interest, our paper examines the effects of the fixed
adoption costs borne by sellers relative to the potential savings earned on per transaction costs. Camera et al. (2016) study the effects
of proportional seller fees and buyer rewards. In terms of experimental results, Camera et al. (2016) find there is little feedback
effect between the two sides of the market, whereas we find the opposite. The fixed seller adoption cost in our setting could make
sellers respond more strongly to buyers’ payment allocation decisions. The continuous buyer portfolio choice could make buyers
respond in a more flexible way to seller adoption. Other design features, like more readily available market-level information and
less complex tasks, could also be factors affecting adoption (see the more detailed discussion following our experimental results
in Section 5). Finally, in terms of explaining the experimental data, we take a further step and demonstrate that an evolutionary
learning model explains the dynamics in our experimental data well and is useful for experimental design purposes.

More broadly, our study is related to a large body of experimental studies of coordination games that involve multiple equilibria
ollowing initial studies by Van Huyck et al. (1990, 1991); see Devetag and Ortmann (2007) for a survey.11 However, payment

choices have their own peculiarities that require a more tailored setting. First, most coordination games studied in the laboratory
involve players all facing the same decision involving the same choice set (i.e. players are all on the same side). In the payment
adoption game, consumers and merchants comprise two different sides of the market and face different costs of adopting the different
payment options. Further the consumers make a continuous portfolio choice, whereas the merchant makes a zero–one acceptance
choice. There is coordination both between the two sides and among players on the same side.12 In addition, the framework
developed here is more suitable for studying policy experiments specific to payments, e.g., the roles of subsidies and surcharges.

The rest of the paper is organized as follows. Section 2 describes the underlying game and equilibria. Section 3 describes our
experimental design. The aggregate experimental results are presented in Section 4. Individual buyer and seller behavior is examined
in Section 5. In Section 6 we present an evolutionary learning model that can closely track our experimental findings and we use
this model to design and predict behavior in a further experimental treatment. Finally, Section 7 concludes with a summary and
some directions for future research.

2. The payment adoption game

In this section, we describe a simple model of the adoption of a new payment method that underlies our experimental study. Each
market (or trading cycle) consists of two stages. In the first stage, buyers make a portfolio decision, splitting their budget between
the new and the existing (old) payment methods. Simultaneously, sellers decide whether or not to accept the new payment method;
the old payment method must always be accepted. In the second stage, buyers meet pairwise with sellers and engage in transactions
involving either payment form, depending on the buyer’s portfolio and the seller’s acceptance of payment 2. For simplicity and ease
of experimental implementation, we assume homogeneous buyers and sellers, an exogenously given spending budget for the buyer
and fixed terms of trade.

We model the new payment method as being more efficient for both buyers and sellers in terms of per transaction costs, but
sellers must pay a fixed cost to process it. As in other models of payment competition, the model we adopt for our experimental
study has multiple equilibria as it involves simultaneous moves by both buyers and sellers. By contrast, in a sequential move game,
the multiplicity of equilibrium problem might be attenuated as the first moving side, buyers or sellers, would have greater power
to select the payment regime. However, the coordination problem among agents on the same side of the market as to whether or
not they would accept a new payment method would remain.

2.1. Physical environment

There is a large number of buyers (consumers) and sellers (merchants) in the market, each of unit measure. Each seller 𝑖 ∈ [0, 1]
is endowed with a technology that allows them to costlessly produce units of good 𝑖. The seller derives zero utility from consuming
his/her own good and instead tries to sell his/her good to buyers. The per unit price of the good is fixed at 1, which is also the
seller’s utility gain from each transaction.13 In each period, each buyer 𝑗 ∈ [0, 1] visits all sellers once in a random order, and would
like to purchase and consume one and only one unit of each good produced by each seller. The buyer is endowed with just enough
income to make the desired purchases. The buyer’s utility from consuming each good is 𝑢.

There are two payment instruments: payment 1, which is the existing payment method, and payment 2, which is a new payment
method. Each transaction using the existing payment method 1 incurs a cost to buyers denoted by 𝜏𝑏1 , and a cost to sellers denoted
y 𝜏𝑠1 ,. Similarly, the per transaction costs for use of the new payment method 2 are denoted by 𝜏𝑏2 and 𝜏𝑠2 for buyers and sellers,

11 In recent years, this literature has expanded into many areas such as bank runs (See Dufwenberg (2015) for a review), currency crises (Heinemann et al.,
004), poverty traps (Lei and Noussair, 2002), emergence of money as a medium of exchange (Duffy and Ochs, 1999, 2002).
12 Hossain et al. (2011) carry out an experimental study of platform competition that involves two sides of the markets. They find that when platforms are
rimarily vertically differentiated, markets inevitably tip to the more efficient platform even when platform coexistence is theoretically possible. They find strong
vidence of equilibrium coexistence when platforms are primarily horizontally differentiated, so there is no single efficient platform.
13 The use of exogenous prices greatly simplifies our analysis, but a more realistic setting would allow such prices to be endogenously determined enabling
4

ellers to pass through payment costs to buyers.
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respectively. Sellers must pay a fixed cost, 𝐹 > 0, that enables them to accept the new payment method, for example, to rent a
terminal to process transactions using the new payment method.

Buyers and sellers play a two-stage game. In the first stage, sellers decide whether or not to accept the new payment method
at the one-time fixed cost of 𝐹 . Payment method 1, being the traditional (and legally recognized) payment method, is universally
accepted by all sellers. Simultaneous with the sellers’ decision, buyers make a portfolio choice as to how to divide their income
endowment between the two payment methods. After sellers have made their acceptance decisions and buyers have made their
portfolio decisions, the second stage starts. In the second stage, buyers go shopping visiting all stores (sellers) in a random order.
When a buyer enters store 𝑖, s/he observes the seller’s payment acceptance choice. The buyer then chooses which payment method
to use to purchase one unit of good 𝑖, subject to having both methods available; if the buyer has only one payment method available,
then the buyer can only offer that payment method to the seller. A trade is successful only if the means of payment the buyer has
available and offers to the seller is accepted by the seller. Otherwise, there is no trade. At the end of the game, sellers spend their
money balances on a general good. One unit of the general good costs one dollar and entails one unit of utility. For simplicity, we
assume buyers do not wish to consume the general good and any unspent money does not yield them any extra utility; we also
assume that the sellers do not value their own unsold goods. The model’s implications do not hinge on these assumptions.

As a result, the payoff for the buyer is: number of payment 1 transactions × (𝑢 − 𝜏𝑏1 ) + number of payment 2 transactions ×
(𝑢− 𝜏𝑏2 ); and the payoff for the seller is: number of payment 1 transactions × (1 − 𝜏𝑠1) + number of payment 2 transactions × (1 − 𝜏𝑠2)
𝐹 if accepting payment 2.

In what follows, we make the following four assumptions about costs: (1) 𝜏𝑏2 < 𝜏𝑏1 and 𝜏𝑠2 < 𝜏𝑠1 ; (2) 𝑢−𝜏𝑏1 > 0; (3) 𝐹 ≤ 𝜏𝑠1−𝜏
𝑠
2+𝜏

𝑏
1−𝜏

𝑏
2 ;

nd (4) 𝐹 ≤ 1 − 𝜏𝑠2 . Assumption (1) states that the new payment method saves on per transaction costs for both buyers and sellers.
nder Assumption (2), buyers prefer trading with the existing payment method to not trading. Assumption (3) implies that the net
enefit of investing in the ability to process the new payment method is positive for society if all transactions are carried out in the
ew payment method. Assumption (4) ensures the existence of an equilibrium where only the new payment method is used.

.2. Equilibrium

We solve the model by backward induction, first examining the payment usage choice in the second stage and then the portfolio
nd payment acceptance choices in the first stage. We will focus on symmetric equilibria, where all buyers make the same portfolio
hoice decision and all sellers make the same acceptance decision. Let 0 ≤ 𝑚𝑏 ≤ 1 be the balance allocated to the new payment
ethod by the buyer, and let 0 ≤ 𝑚𝑠 ≤ 1 denote the fraction of sellers who accept the new payment method. If 0 < 𝑚𝑠 < 1, then

ellers play a mixed strategy, accepting the new payment method with probability 𝑚𝑠.
The buyer payment usage choice in the second stage is straightforward. If the seller accepts payment 2, then the buyer uses

ayment 2 if s/he has a positive payment 2 balance (as payment 2 involves a lower per transaction cost), and uses payment 1 if
/he has only payment 1 left. If the seller does not accept payment 2, then the buyer uses payment 1 if s/he has a positive payment
balance, and does not trade if s/he runs out of payment 1 (even if s/he has a positive payment 2 balance). In other words, in each
eeting, the buyer first tries to use payment 2 if possible, then payment 1, and does not trade if neither payment is viable.

To solve the payment adoption problem in the first stage, we derive the best response of buyer’s portfolio decision to seller’s
cceptance decision, and vice versa. The equilibrium is then given by the intersection of the two best response curves. We summarize
he best response functions in Propositions 1 and 2, illustrate them in Fig. 1 and discuss the intuition. The detailed derivation and
roofs are in online Appendix A.

roposition 1. The buyers’ optimal portfolio decision is to mimic the sellers’ acceptance decision :

𝑚𝑏(𝑚𝑠) = 𝑚𝑠.

If 𝑚𝑏 > 𝑚𝑠, then each buyer makes 𝑚𝑠 purchases using the new payment method and 1−𝑚𝑏 purchases using the existing payment
ethod. Buyers are not able to transact with a fraction 𝑚𝑏 − 𝑚𝑠 of sellers because of payment mismatches (buyers want to use
ayment method 2 but sellers accept only payment method 1). The optimal choice of each buyer is to reduce 𝑚𝑏 to 𝑚𝑠 so as to
inimize the probability of no-trade outcome. If 𝑚𝑏 < 𝑚𝑠, then each buyer makes 𝑚𝑏 transactions using the new payment method

nd 1−𝑚𝑏 transactions using payment method 1 (among which 𝑚𝑠 −𝑚𝑏 are with sellers who also accept the new payment method).
he optimal choice of each buyer is to increase their payment 2 balances to 𝑚𝑠 so as to take advantage of the lower per transaction
ost associated with payment 2 without increasing the risk of no trading.

roposition 2. The seller’s best response 𝑚𝑠(𝑚𝑏) depends on the parameterization of 𝐹 versus 𝜏𝑠1 − 𝜏𝑠2 and is described as follows.

1. If 𝐹 < 𝜏𝑠1 − 𝜏𝑠2 , then

𝑚𝑠(𝑚𝑏) =

⎧

⎪

⎨

⎪

𝑚𝑏(𝜏𝑠1−𝜏
𝑠
2 )

𝐹 if 𝑚𝑏 ≤ 𝐹
𝜏𝑠1−𝜏

𝑠
2
,

1 if 𝑚𝑏 ≥ 𝐹
𝜏𝑠−𝜏𝑠 .
5
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Fig. 1. Best response functions of buyers and sellers.
Notes. (1) Intersections of response curves reveal the equilibria. (2) Note that when 𝐹 = 𝜏𝑠1 − 𝜏𝑠2 , the two best response functions coincide and there exists a
continuum of possible equilibria in which 𝑚𝑠 ∈ (0, 1) and 𝑚𝑏 = 𝑚𝑠.

2. If 𝐹 > 𝜏𝑠1 − 𝜏𝑠2 , then

𝑚𝑠(𝑚𝑏) =

⎧

⎪

⎨

⎪

⎩

0 if 𝑚𝑏 ≤ 1 −
(1−𝜏𝑠2 )−𝐹

1−𝜏𝑠1
,

1 −
(1−𝑚𝑏)(1−𝜏𝑠1 )
(1−𝜏𝑠2 )−𝐹

if 𝑚𝑏 ≥ 1 −
(1−𝜏𝑠2 )−𝐹

1−𝜏𝑠1
.

3. If 𝐹 = 𝜏𝑠1 − 𝜏𝑠2 , then

𝑚𝑠(𝑚𝑏) = 𝑚𝑏.

For low fixed cost, or 𝐹 < 𝜏𝑠1 − 𝜏𝑠2 , the seller’s best response curve lies above the 45 degree line (𝑚𝑏 < 𝑚𝑠). Along the 45 degree
line, there is no payment mismatch in the sense that all sellers who accept payment 2 trade with payment 2 in all meetings, and all
those who do not accept payment 2 trade with payment 1 in all meetings. Given 𝐹 < 𝜏𝑠1 − 𝜏𝑠2 , accepting payment 2 gives a higher
payoff than rejecting it if 𝑚𝑏 > 𝑚𝑠; as a result, more than 𝑚𝑏 sellers would want to accept payment 2. Second, the seller’s best
response curve has a kink at 𝑚𝑏 ≤ 𝐹∕(𝜏𝑠1 − 𝜏𝑠2). If buyers allocate 𝑚𝑏 ≤ 𝐹∕(𝜏𝑠1 − 𝜏𝑠2) to payment 2, the number of transactions using
payment method 2 is not large enough to recover the fixed acceptance cost for all sellers. As a result, sellers play a mixed strategy:
𝑚𝑠 = 𝑚𝑏(𝜏𝑠1 − 𝜏𝑠2)∕𝐹 fraction of sellers accept both payment methods, the rest accept only payment method 1, and all sellers earn the
same expected payoff. If 𝑚𝑏 ≥ 𝐹∕(𝜏𝑠1 − 𝜏𝑠2), then it is a dominant strategy for sellers to accept the new payment method: each seller
makes more than 𝐹∕(𝜏𝑠1 − 𝜏𝑠2) sales in payment 2 to warrant the fixed investment to accept payment 2.

For high fixed cost, or 𝐹 > 𝜏𝑠1 − 𝜏𝑠2 , the seller’s best response curve lies below the 45 degree line. Along the 45 degree line,
every seller accepting payment 2 transact with payment 2 and every seller not accepting payment 2 transact with payment 1 in
all meetings. Given 𝐹 > 𝜏𝑠1 − 𝜏𝑠2 , accepting payment 2 leads to a lower payoff than rejecting it. Again, the seller’s best response
curve has a kink. It is a dominant strategy for sellers not to accept the new payment method if buyers allocate too little money to
payment 2, or 𝑚𝑏 ≤ �̂�𝑏 ≡ 1− [(1− 𝜏𝑠2)−𝐹 ]∕(1− 𝜏𝑠1). If 𝑚𝑏 ≥ �̂�𝑏, then sellers play a mixed strategy, choosing to accept with probability
𝑚𝑠(𝑚𝑏) = 1 − (1 − 𝑚𝑏)(1 − 𝜏𝑠1)∕[(1 − 𝜏𝑠2) − 𝐹 ], at which the expected payoff from accepting and rejecting payment 2 is equal.

Finally, note that when 𝐹 = 𝜏𝑠1 − 𝜏𝑠2 , then the seller’s best response lies on the 45 degree line, along which sellers accepting
payment 2 and not accepting payment 2 earn the same expected payoff.

Combining the analysis above, we can characterize the symmetric equilibrium of the economy using Fig. 1. There are at least
two symmetric pure strategy equilibria. In one of these equilibria, 𝑚𝑏 = 𝑚𝑠 = 1: all sellers accept the new payment method, and
all buyers allocate all of their endowment to the new payment method — call this the all-payment-2 equilibrium (this equilibrium
always exists provided that 𝐹 ≤ 1 − 𝜏𝑠2). There is a second symmetric pure strategy equilibrium where 𝑚𝑏 = 𝑚𝑠 = 0 and the new
payment method is not accepted by any seller or held by any buyer — call this the all-payment-1 equilibrium. In both equilibria,
there is no payment mismatch, and the number of transactions is maximized at 1. In the case where 𝐹 = 𝜏𝑠1 − 𝜏𝑠2 , there exists a
continuum of possible equilibria in which 𝑚𝑠 ∈ (0, 1) and 𝑚𝑏 = 𝑚𝑠. Corresponding to the symmetric equilibria where each seller
chooses to accept the new payment with probability 𝑚𝑠, there are also asymmetric pure-strategy equilibria, where 𝑚𝑠 fraction of
sellers accept the new payment method whereas the remaining fraction do not, and where buyers best respond to this asymmetry
in their payment allocation decisions. The asymmetric equilibria render the same payoffs as the corresponding symmetric equilibria
6

with mixed strategies.



European Economic Review 154 (2023) 104410J. Arifovic et al.

r

i
t

n
𝐹
p

3

m
t
o
a

a

b
w
‘
a
u
n
o
t
m
p

f
f
t
u
i
t
t
i
n
i
f

w
s
b
S
a
o
p
p

o

t

o
a
i

Note that buyers are always better off in the all-payment-2 equilibrium relative to the all-payment-1 equilibrium. The seller’s
elative payoff in the two equilibria, however, depends on the fixed cost, 𝐹 and on the savings on per transaction costs from the use

of payment 2. If 𝐹 = 𝜏𝑠1 − 𝜏𝑠2 , then the seller’s payoff is the same in both equilibria; if 𝐹 < 𝜏𝑠1 − 𝜏𝑠2 , then the seller’s payoff is higher
n the all-payment-2 equilibrium than in the all-payment-1 equilibrium; finally, if 𝐹 > 𝜏𝑠1 − 𝜏𝑠2 , then the seller’s payoff is lower in
he all-payment-2 equilibrium than in the all-payment-1 equilibrium.

While both the pure strategy, all-payment-1 or all-payment-2 equilibria always coexist in our set-up, we note that under simple,
aïve best response dynamics for nearly all initial conditions, the all-payment-2 equilibrium would be the attractor in the case where
≤ 𝜏𝑠1 − 𝜏𝑠2 (left panel of Fig. 1) while the all-payment-1 equilibrium would be the attractor in the case where 𝐹 ≥ 𝜏𝑠1 − 𝜏𝑠2 (right

anel of Fig. 1). Of course, it remains to be seen whether subjects behave according to such dynamics.

. Experimental design

The experiment was designed to match the model as closely as possible, but without the continuum of buyers and sellers of unit
ass. For each session of our experiment, we recruited 14 inexperienced subjects and randomly divided them up equally between

he buyer and seller roles, so that each market had exactly seven buyers and seven sellers.14 These roles were fixed for the duration
f each session to enable subjects to gain experience with a particular role. The subjects then repeatedly played a market game that
pproximates the model presented in the previous section. See the experimental instructions in online Appendix B.

Specifically, subjects participated in a total of 20 markets per session. Each market consisted of two stages, a payment choice
nd belief formation first stage and a second stage consisting of seven trading rounds.

In this first stage, each buyer was endowed with seven experimental money (EM) units (as there were seven sellers) and these
uyers had to decide how to allocate their seven EM between the two payment methods. To avoid any biases due to framing effects,
e used neutral language throughout, referring the existing payment method as ‘‘payment 1’’ and the new payment method as

‘payment 2’’.15 Thus, in the first stage, buyers allocated their 7 EM between payment 1 and payment 2, with only integer allocation
mounts allowed, e.g., 3 EM in the form of payment 1 and 4 EM in the form of payment 2. Each seller was endowed with seven
nits of goods (as there were seven buyers). Sellers were required to accept payment 1 but must decide in this first stage whether or
ot to accept payment 2 for the duration of that market. Sellers who decided to accept payment 2 had to pay a one-time fixed fee
f 𝑇 EM per market that enabled them to accept payment 2 in all trading rounds of that market. This fixed cost was deducted from
he seller’s sales profits at the end of the market.16 As explained below, 𝑇 is related to the fixed costs of adopting the new payment
ethod (𝐹 ) described in Section 2 and serves as our main experimental treatment variable. Note that subjects could revisit their
ayment choices in the first stage of each mew market.

In addition to making payment choices in the first stage, subjects were also asked to forecast other participants’ payment choices
or that market. We elicited these forecasts because we wanted to better understand subjects’ decision-making process and possible
eedback effects between buyers and sellers. Specifically, buyers were asked to forecast how many of the seven sellers would choose
o accept payment 2 in the forthcoming market. Sellers were asked to supply two forecasts: (1) the average amount of the seven EM
nits that all seven buyers would allocate to payment 2, and (2) how many of the other six sellers would choose to accept payment 2
n the forthcoming market. These forecasts (or beliefs) were incentivized; subjects earned 0.5 EM per correct forecast in addition to
heir earnings from buying/selling goods (also in EM). Each seller’s forecast of the average amount of EM that buyers had allocated
o payment 2 was counted as correct if it lay within ±1 of the realized value. The other two forecasts were counted as correct only
f they precisely equaled the realized value. We chose this incentive scheme in the interest of simplicity as belief elicitation was
ot the main focus of our experiment and we did not want to devote time to explaining more complicated elicitation procedures
nvolving proper scoring rules. Note that no participant observed any other sellers’ or buyers’ payment choices or forecasts in this
irst stage; that is, all first stage choices and forecasts were private information and were made simultaneously.

Following completion of the first stage of each market, play immediately proceeded to the second, ‘‘trading’’ stage for the market,
hich consisted of a sequence of seven trading rounds. In these seven rounds, each subject anonymously met with each of the seven

ubjects who was in the opposite role to him/herself, sequentially and in a random order for each market.17 In each meeting, the
uyer and seller tried to trade one unit of good for one unit of payment (recall that the terms of trade in our model are fixed).
pecifically, when each buyer met each seller (and not earlier), the buyer learned whether the seller accepted payment 2 or not,
nd then the buyer alone decided which payment method to use, conditional on the buyer’s remaining balance for that market
f either payment 1 or payment 2. Sellers were passive in these trading rounds, simply accepting payment 1 from the buyer or
ayment 2 if the seller had paid the one-time fee to accept payment 2 in that market, depending on the choice of the buyer. Thus,
rovided that a buyer had some amount of a payment type that the seller accepted, trade would be successful. For each successful

14 Tacit collusion among groups of this size is difficult, see, e.g., the weak-link experiment of Van Huyck et al. (1990) involving 14–16 subjects. Social or
ther-regarding preferences are also less likely to play a role in such a large group of subjects, see, e.g., Roth et al. (1991).
15 Framing could affect the adoption decision, which we leave for future research.
16 One interpretation is that sellers get a zero-interest loan to finance the fixed cost at the beginning of each new market and they must repay the loan at

he end of the market.
17 The set up that the buyer visits the seller in a random order in the trading stage does not affect the analysis of the single-market payment adoption game
utlined in the previous section. However, subjects in our experiment interact in multiple markets, and this set up helps to preserve the anonymity of the seller
cross markets and prevents buyers from using strategies targeting a particular seller, for example, penalizing a particular seller who did not accept payment 2
n the past market. The buyers’ portfolio choice considers only the aggregate acceptance decisions, and not each individual seller’s decision.
7
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transaction, both parties to the trade earned 1 EM less some transaction costs for the trading round, where the transaction costs
depended on whether payment 1 or 2 was used, as detailed later. Notice that the only instances in which a transaction could not
take place (was never successful) were those in which the buyer had only payment 2 and the seller did not accept payment 2. In
those cases, no trade could take place and both parties earned 0 EM for the trading round. As discussed in the previous section, the
choice in the trading stage is straightforward: buyers should try to use payment 2 if the seller accepts it, and try to use payment 1
if the seller does not accept payment 2. While designing the experiment, we considered the option of automating the trading stage.
We opted for the current setup because we thought that going through the trading stage would help subjects to better grasp the
consequences of their payment choices in the first stage. For instance, if a buyer only had payment 2 and the seller they met did
not accept payment 2, the buyer would have to click on a ‘‘no trade’’ button to advance the program, which would make such no
trade possibilities more salient.18

Following completion of the seven trading rounds of the second stage of a market, that market was over. Provided that the 20th
arket had not yet been completed, play then proceeded to a new two-stage market where buyers and sellers had to once again
ake payment choices and forecasts in the first stage and then engage in seven rounds of trading behavior in the second stage.
uyers were free to change their payment allocations and sellers were free to change their payment 2 acceptance decisions from
arket to market but only in the first stage of the market; the choices made in this first stage were then in effect for all seven rounds

f the second trading stage of the market that followed.
In each market, subjects earn EM from forecasting in stage 1 and from the trading surplus from transacting in the seven rounds

n stage 2; only these earned EMs will be converted to cash payment at the end of the session. In particular, while buyers were
ndowed with 7 EM at the start of each market, this endowment must be allocated between payment 1 and payment 2 to facilitate
ransactions with sellers, and unused payment balances had no redemption value and could not be carried over to a subsequent
arket.19 Similarly, although sellers were endowed with 7 units of goods at the start of each market, they could earn EMs in stage 2

only by transacting with buyers (minus the fixed cost if they accept payment 2), and unsold goods did not entitle them to additional
EM earnings.

To facilitate decision making, we provided subjects with two pieces of information in stage 1, at the same time that buyers were
sked to make their payment allocation choices and sellers were asked to make their payment 2 acceptance decisions and both types
ad to form forecasts as described above. The first piece of information provided to subjects consisted of payoff tables. The buyer’s
ayoff table reported the buyer’s market earnings if the buyer allocated between 0 ∼ 7 EM to payment 2 (and his/her remaining

EM to payment 1) and if 0 ∼ 7 sellers accepted payment 2. The seller’s payoff table reported the expected market earnings the seller
could get from the two options (accept/reject payment 2) in cases where all buyers choose to allocate between 0 ∼ 7 EM to payment
2, and where 0 ∼ 6 of the other six sellers choose to accept payment 2. In addition to these payoff tables, sellers also had access to
a ‘‘what if’’ calculator that computed their expected earnings in asymmetric cases where the seven buyers made different payment
allocation choices.

The second piece of information that we provided subjects in stage 1 (beginning with market 2 and every market thereafter)
was a history of outcomes in all past markets, including the subject’s payment choice, the number of transactions using each of the
two payment methods, the number of no-trade meetings, market earnings from trading, and the number of their correct forecasts.
In addition, we reported an aggregate market-level statistic: the number of sellers who had chosen to accept payment 2 in the prior
market. We provided the latter information so that sellers could learn about other sellers’ payment 2 acceptance decisions in the
just completed market; since all 7 buyers visit all 7 sellers and learn whether each seller accepts payment 2 or not, buyers had this
economy-wide piece of information by the end of each market. By providing this same information also to sellers, we made sure that
both sides of the market had symmetric information about seller choices. In addition, since we only have subjects in the laboratory
for a limited time, providing this information to sellers helps to speed up learning.

For simplicity, we set the per transaction cost to be the same for all buyers and sellers, i.e., 𝜏𝑏1 = 𝜏𝑠1 = 𝜏1 = 0.5, and
𝑏
2 = 𝜏𝑠2 = 𝜏2 = 0.1. Thus, consistent with assumption A1, it was always the case that 𝜏1−𝜏2 = 0.4 in all treatments of our experiment.
e also set the utility gained from a sale or purchase, 𝑢 = 1, so that consistent with assumption A2, 𝑢 − 𝜏𝑏1 > 0. Our only treatment

ariable was the once-per-market fixed cost, 𝑇 , that each seller had to pay to accept payment 2, which corresponds to the parameter
in the model with a continuum of agents via the transformation 𝑇 = 7𝐹 . We initially chose three different values for this main

reatment variable: 𝑇 = 1.6, 2.8, and 3.5, respectively.20 Later, in Section 6 we consider a fourth value for this treatment variable,
= 4.5.

18 Subjects’ choices suggest that they understood the stage-2 game very well. Among the 7651 meetings where payment 2 can be used, 98.4% result in
ransactions using payment 2 (and the rest are conducted using payment 1). Among the 5941 meetings where only payment 1 can be used, all transactions are
ulfilled with payment 1. For future work, one design choice would be to let subjects choose in stage 2 for a few markets, and then automate their stage 2
hoices to save time. Related to this, in our current design, both payment instruments are available from the first market, and the ‘‘newness’’ of payment 2 is
aptured by that sellers must decide whether to adopt it whereas they always accept payment 1. We could create an additional sense of ‘‘newness’’ by separating
ach session into two parts, letting subjects play with only payment 1 in the first part, and introducing payment 2 in the second part. This would allow us to
apture the role played by habits. Automating stage 2 would save time and make this two-parts design more feasible in terms of recruitment time constraint.
19 Further, the EM payments earned in each market were not transferable to subsequent markets. Instead, earnings were recorded and paid out only at the end
f the experiment following the completion of the 20th market. Thus, buyers started each new market with exactly 7 EM and had to make payment allocations
new in the first stage of each market in order to earn EM in that market.
20 The ratio 𝜏1∕𝜏2 = 5 and the various values for the fixed cost, 𝑇 , were chosen to make the transaction and setup cost differences sufficiently salient to our

ubjects (in terms of their earnings) and are not meant to be empirically accurate. For reference, Welte and Monar (2021) use industry data and data from the
ank of Canada 2015 Retailer Survey on the Cost of Payment Methods (Kosse et al., 2017) to calculate the costs associated with card payments for small and
edium size retailers. On average, total acquirer charges represent 1.8% of the processes card sales. Of those charges, about 0.5% are fixed costs, and 1.3% are

ransaction-based fees.
8
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Table 1
Payoffs earned in the two equilibria.
𝑇 All-payment-1 equilibrium All-payment-2 equilibrium

Buyer Seller Buyer Seller

1.6 3.5 3.5 6.3 4.7
2.8 = 7(𝜏1 − 𝜏2) 3.5 3.5 6.3 3.5
3.5 3.5 3.5 6.3 2.8

In terms of theoretical predictions, under all of our different treatment conditions, there always exist two symmetric pure strategy
Nash equilibria, one in which no seller accepts payment 2 and all buyers allocate all of their endowment to payment 1 and another
such equilibrium in which all sellers accept payment 2 and all buyers allocate all of their endowment to payment 2. In the treatment
with 𝑇 = 7(𝜏1 − 𝜏2), there are also asymmetric equilibria, where 𝑚𝑠 ∈ {1, 2,… , 6} sellers accept payment 2, whereas 7 − 𝑚𝑠 do not,
and all buyers allocate the same 𝑚𝑠 units of their endowment to payment 2 and 7 − 𝑚𝑠 to payment 1. These asymmetric equilibria
characterize dual payment outcomes, where both payment methods are used to make transactions.21

Note that, given the lower transaction cost from using the new payment method, buyers are always better off in the all-payment-2
equilibrium relative to the all-payment-1 equilibrium. However, sellers’ relative payoffs depend on the fixed cost, 𝑇 . If 𝑇 < 7(𝜏1−𝜏2),
as in our 𝑇 = 1.6 treatment (and represented graphically in the left panel of Fig. 1), then the seller’s payoff (like the buyer’s payoff)
s higher in the all-payment-2 equilibrium than in the all-payment-1 equilibrium. If 𝑇 > 7(𝜏1 − 𝜏2), as in our 𝑇 = 3.5 treatment (and

represented graphically in the right panel of Fig. 1), then the seller’s payoff is lower in the all-payment-2 equilibrium than in the
all-payment-1 equilibrium. Finally, if 𝑇 = 7(𝜏1 − 𝜏2), as in our 𝑇 = 2.8 treatment, then the seller’s payoffs are the same in both
equilibria. Table 1 reports the net payoffs (in EM) per market, that buyers and sellers earn in the two pure strategy equilibria of
each treatment.

While our focus is on the two symmetric pure strategy equilibria, we note that there may also exist asymmetric equilibria where
some fraction of sellers accept payment 2 whereas the remaining fraction do not, and buyers best respond by adjusting their portfolios
of payment 1 and 2 so as to perfectly match this distribution of seller choices. These asymmetric equilibria are always present in
the 𝑇 = 2.8 treatment, where 𝑇 = 7(𝜏1 − 𝜏2). In particular, any outcome where 𝑚𝑠 ∈ {1, 2,… , 6} sellers accept payment 2, whereas
7 − 𝑚𝑠 do not, and all buyers allocate the same 𝑚𝑠 units of their endowment to payment 2 and 7 − 𝑚𝑠 to payment 1 comprises an
asymmetric equilibrium for this treatment.22 These asymmetric equilibria characterize dual payment outcomes, where both payment
methods are used to make transactions.

This multiplicity of equilibrium possibilities is one motivation behind our experimental study; equilibrium selection is clearly
an empirical question that our experiment can help to address. We hypothesize that, as the transaction cost to sellers of accepting
payment 2 increases from 𝑇 = 1.6 to 𝑇 = 2.8 and on up to 𝑇 = 3.5, coordination on the all-payment-2 equilibrium will become less
likely and coordination on the all-payment-1 equilibrium will become more likely; however, this remains an empirical question,
as both symmetric equilibria always co-exist. In addition, we are interested in understanding the dynamic process of equilibrium
selection in terms of the evolution of subjects’ beliefs and choices.

The experiment was computerized and programmed using the z-Tree software (Fischbacher, 2007). At the beginning of each
session, each subject was assigned a computer terminal, and written instructions were handed out explaining the payoffs and
objectives for both buyers and sellers. See online Appendix B for example instructions used in the experiment. The experimenter
read these instructions aloud in an effort to make the rules of the game public knowledge. Subjects could ask questions in private
and were required to successfully complete a quiz to check their comprehension of the written instructions prior to the start of the
first market. Communication among subjects was prohibited during the experiment.

In each session, subjects interact in 20 markets involving seven trading rounds each, or a total of 140 trading rounds per session.
In each trading round, subjects could earn 1 EM (𝑢 = 1) less the transaction cost associated with their payment choice, and in the first
stage, they could earn 0.5 EM per correct forecast. Following completion of the 20th market, subjects were paid their cumulative EM
earnings from all rounds of all markets at the known and fixed rate of 1 EM = $0.15 and in addition they were paid a $7 show-up
payment. Each session lasted for about two and half hours. The average earnings were between $15 and $25.

We have four sessions for each of our three original treatment conditions, 𝑇 = 1.6, 𝑇 = 2.8 and 𝑇 = 3.5. As each session involved
14 subjects with no prior experience participating in our study, we have data from 4 × 3 × 14 = 168 subjects. The experiment was
conducted in two locations: Simon Fraser University (SFU), Burnaby, Canada, and at the University of California, Irvine (UCI), USA,
using undergraduate student subjects. Specifically, two sessions of each of our three treatments (one-half of all sessions) were run at
SFU and UCI, respectively. Our aim in conducting the experiment at two different locations was to assess whether our results would
replicate with different subject pools and experimenters conducting the sessions. Despite our use of these two different subject pools,
we did not find significant differences in either buyer or seller behavior across these two locations, as we show later in the paper,
enabling us to pool our data from both locations.

21 Note that because the population is finite in the experiment, the symmetric equilibria where sellers play mixed strategies accepting the new payment method
ith probability 𝑚𝑠∕7 disappear, whereas the asymmetric equilibria survive.
22 Because of our use of a finite population size of 14 subjects, there are also some asymmetric pure strategy equilibria of this same variety in the 𝑇 = 1.6

and 𝑇 = 3.5 treatments as well. However, these asymmetric equilibria are fewer in number than in the 𝑇 = 2.8 treatment and they would disappear completely
s the population size got larger and we approached the continuum of agents as in the theory, whereas the set of asymmetric equilibria in the 𝑇 = 2.8 case
9

ould continue to grow and would eventually reach a continuum, as in the theoretical model.
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Fig. 2. Payment choice and usage T = 1.6.
Notes. (1) Horizontal axis: market. (2) There are two figures for each session. The first shows payment choices: the blue solid line represents the percentage of
money allocated to payment 2, averaged across the seven buyers; the red dashed line represents the percentage of the seven sellers accepting payment 2. The
second figure describes payment usage. The solid blue line is the percentage of meetings using payment 2; the dashed blue line is the percentage of meetings
using payment 1; red circles are the percentage of meetings where no trade takes place.

Fig. 3. Payment choice and usage T = 2.8.
Notes. (1) Horizontal axis: market. (2) There are two figures for each session. The first shows payment choices: the blue solid line represents the percentage of
money allocated to payment 2, averaged across the seven buyers; the red dashed line represents the percentage of the seven sellers accepting payment 2. The
second figure describes payment usage. The solid blue line is the percentage of meetings using payment 2; the dashed blue line is the percentage of meetings
using payment 1; red circles are the percentage of meetings where no trade takes place.
10
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Fig. 4. Payment choice and usage T = 3.5.
Notes. (1) Horizontal axis: market. (2) There are two figures for each session. The first shows payment choices: the blue solid line represents the percentage of
money allocated to payment 2, averaged across the seven buyers; the red dashed line represents the percentage of the seven sellers accepting payment 2. The
second figure describes payment usage. The solid blue line is the percentage of meetings using payment 2; the dashed blue line is the percentage of meetings
using payment 1; red circles are the percentage of meetings where no trade takes place.

Table 2
Payment choice and usage.

T = 1.6 T = 2.8 T = 3.5

1 2 3 4 all 1 2 3 4 all 1 2 3 4 all

session mean 85 93 88 94 90 44 74 68 67 63 38 33 53 36 40
bPay2% first market 53 53 67 63 59 57 73 61 49 60 65 49 39 45 49

last market 98 100 100 100 99 43 96 80 69 72 6 16 43 22 22

session mean 98 99 93 99 97 46 79 74 72 68 33 31 54 33 38
sAccept% first market 100 86 71 100 89 29 57 86 100 68 86 86 71 57 75

last market 100 100 100 100 100 29 86 86 71 68 0 14 43 29 21

session mean 84 92 86 93 89 38 67 62 64 58 29 23 45 28 31
pay2 first market 53 53 63 63 58 27 55 61 49 48 63 49 39 41 48
Meetings% last market 98 100 100 100 99 29 84 76 69 64 0 12 39 22 18

session mean 15 7 12 6 10 56 26 32 33 37 62 67 47 64 60
pay1 first market 47 47 33 37 41 43 27 39 51 40 35 51 61 55 51
Meetings% last market 2 0 0 0 1 57 4 20 31 28 94 84 57 78 78

session mean 1 1 2 1 1 6 7 6 3 6 9 9 8 8 9
noTrade first market 0 0 4 0 1 31 18 0 0 12 2 0 0 4 2
Meetings% last market 0 0 0 0 0 14 12 4 0 8 6 4 4 0 4

. Aggregate experimental results

In this section, we present and discuss our experimental results at the aggregate level. The next section will address individual-
evel behavior.

Figs. 2 to 4 show the time series on payment choices and transaction methods in each of the four sessions of our three treatments.
n all of these figures, the horizontal axis indicates the number of the market, running from 1 to 20. Each figure (one per session)
as two panels. In the first (left) panel the series labeled ‘‘BuyerPay2’’, shows the percentage of the buyers’ endowment allocated to
ayment 2 in each market, averaged across the seven buyers of each session. In this same panel, the percentage of sellers accepting
ayment 2 in each market is indicated by the series labeled ‘‘SellerAccept’’. The second (right) panel of Figs. 2 to 4 show three
ime series: (1) the frequency of meetings in each market that resulted in transactions using payment 1 labeled as ‘‘Pay1’’, (2) the
requency of meetings in each market that resulted in transactions using payment 2 labeled as ‘‘Pay2’’, and (3) circles indicating
he frequency of no-trade meetings in each market labeled as ‘‘NoTrade’’.
11
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Table 3
Payoffs Relative to Equilibrium Benchmarks.

Part 1: payment-2 equilibrium as benchmark

T = 1.6 T = 2.8 T = 3.5

1 2 3 4 all 1 2 3 4 all 1 2 3 4 all

session mean 93 96 93 96 94 69 82 80 82 78 64 61 71 64 65
buyer % first market 79 79 81 84 81 50 70 83 77 70 83 77 73 71 76

last market 99 100 100 100 100 60 86 87 86 80 52 59 71 66 62

session mean 91 95 92 95 93 87 84 84 91 86 102 99 91 102 98
seller % first market 72 77 85 78 78 68 80 80 59 72 79 67 74 89 77

last market 99 100 100 100 100 86 86 88 98 89 117 114 105 112 112

Part 2: payment-1 equilibrium as benchmark

session mean 167 173 167 173 170 124 147 144 148 141 114 110 127 115 116
buyer % first market 142 142 147 151 146 91 126 149 139 126 149 139 131 129 137

last market 178 180 180 180 180 109 155 156 156 144 94 106 127 118 111

session mean 122 128 124 128 126 87 84 84 91 86 82 79 73 82 79
seller % first market 97 103 114 105 105 68 80 80 59 72 63 53 60 71 62

last market 133 134 134 134 134 86 86 88 98 89 94 91 84 89 90

Table 4
Rank-sum Test — Treatment Differences.

Rank-sum Rank-sum z-value 𝑝-value
treatment 1 treatment 2

T = 1.6 versus T = 2.8
bPay2% 26 10 2.309 0.021 **

Session average sAccept% 26 10 2.323 0.020 **
pay2Meetings% 26 10 2.309 0.021 **
No-tradeMeetings% 10 26 −2.309 0.021 **

bPay2% 18 18 0 1
First market sAccept% 21.5 14.5 1.042 0.298

pay2Meetings% 22 14 1.169 0.243
No-tradeMeetings% 15 21 −0.992 0.321

T = 2.8 versus T = 3.5
bPay2% 25 11 2.021 0.043 **

Session average sAccept% 25 11 2.033 0.042 **
pay2Meetings% 25 11 2.021 0.043 **
No-tradeMeetings% 10 26 −2.309 0.021 **

bPay2% 22.5 13.5 1.307 0.191
First market sAccept% 18.5 17.5 −0.149 0.882

pay2Meetings% 18.5 17.5 0.145 0.885
No-tradeMeetings% 20 16 0.615 0.539

T = 1.6 versus T = 3.5
bPay2% 26 10 2.309 0.021 **

Session average sAccept% 26 10 2.337 0.019 **
pay2Meetings% 26 10 2.309 0.021 **
No-tradeMeetings% 10 26 −2.309 0.021 **

bPay2% 23 13 1.452 0.147
First market sAccept% 22.5 13.5 1.348 0.178

pay2Meetings% 23 13 1.488 0.137
No-tradeMeetings% 16.5 19.5 −0.500 0.617

Notes. (1) Combined sample size for each test is 8. (2) *𝑝-value ≤0.1; **𝑝-value ≤0.05; ***𝑝-value ≤0.01.

Tables 2 and 3 display various statistics for each of the 12 sessions of the experiment. For each statistic, we show the treatment-
level average in bold face. Table 2 provides statistics on five variables that summarize payment choice, usage and transactions.
The first part of Table 2 reports on the percentage of the buyers’ endowment that was allocated to payment 2 averaged across the
seven buyers (bPay2%) and the percentage of the seven sellers accepting payment 2 (sAccept%). For these and the other statistics
we report the session mean across all 20 markets, and the value in the first and the last markets of each session. The second part
of Table 2 reports on the percentage of meetings that resulted in trade using payment 2 (pay2Meetings%), trade using payment 1
(pay1Meetings%) or no trade (noTradeMeetings%). Table 3 provides similar statistics on the payoffs earned by buyers and sellers
measured as a percentage of the payoffs they could have earned in either the all-payment-2 equilibrium (Part 1 of Table 3) or the
all-payment-1 equilibrium (Part 2 of Table 3).

We also examine whether there are treatment differences using pairwise Wilcoxon rank-sum tests on data concerning payment
choice and usage. These results are presented in Table 4. We focus on four variables: (1) ‘‘bPay2%’’, the percentage of endowment
12
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allocated to payment 2 averaged across the seven buyers, (2) ‘‘sAccept%’’, the percentage of the seven sellers accepting payment
2, (3) ‘‘pay2Meetings%’’, the percentage of meetings that resulted in trades using payment 2, and (4) ‘‘No-tradeMeetings%’’, the
percentage of meetings that result in no trade. For each of these four variables, we compare the session average and its value in the
first market in treatment 1 versus treatment 2, e.g., 𝑇 = 1.6 versus 𝑇 = 2.8. Each session is treated as an independent observation,
o we have four observations on each variable for each treatment. For each pair-wise test, Table 4 reports the rank sums of the two
reatments, the z-value and the 𝑝-value.

Using the data reported in Figs. 2 to 4, Tables 2–4 and Table C.2 (online Appendix C), we summarize the results from the
ggregate-level analysis of our data as a number of findings.

inding 1. Across the three treatments, as 𝑇 is increased from 1.6 to 2.8 to 3.5, there are significant decreases in the buyer’s choice of
ayment 2, the seller’s acceptance of payment 2, and successful transactions involving payment 2.

Support for Finding 1 comes from Table 4. The rank-sum test results indicate that the buyer’s choice of payment 2 (bPay2%),
he seller’s acceptance of payment 2 (sAccept%) and successful payment 2 transactions (pay2Meetings%) are significantly higher
n the 𝑇 = 1.6 treatment as compared with either the 𝑇 = 2.8 or 𝑇 = 3.5 treatments (𝑝-value < 0.05). Further, these variables are
arger in the 𝑇 = 2.8 treatment as compared with the 𝑇 = 3.5 treatment. Importantly, Table 4 also indicates that, initially, using the
tatistics in the first market of each session (‘‘First market’’), there are no significant differences in these three variables across our
hree treatments, indicating that all sessions started out with roughly similar initial conditions and the choices of buyers and sellers
hen evolved over time to yield the differences summarized in Finding 1. The next three findings summarize aggregate behavior in
ach of the three experimental treatments.

inding 2. When 𝑇 = 1.6, the experimental economies converge to (or nearly converge to) the all-payment-2 equilibrium.

Support for Finding 2 comes from Table 2 and Fig. 2, which report on the evolution of behavior in the four sessions of the
= 1.6 treatment. In all four sessions, subjects move over time in the direction of the all-payment-2 equilibrium, which in this

ase represents a strict Pareto improvement for both sides. Furthermore, sellers do not suffer much loss from paying the fixed cost
o accept payment 2: they can recover the fee if each buyer allocates just 4 EM (57%) or more to payment 2. As a result, sellers
aintain high levels of acceptance, and this steadily high acceptance rate encourages buyers to quickly catch up, which, in turn,

einforces the incentives for acceptance of payment 2. As a result, toward the end of all four 𝑇 = 1.6 treatment sessions, subjects
have achieved convergence or near-convergence to the payment 2 equilibrium.23

Finding 3. When 𝑇 = 2.8, there is a mixture of outcomes consistent with the greater multiplicity of equilibria in this treatment.

Support for Finding 3 comes from Table 2, Table C.2 (online Appendix C) and Fig. 3, which report on the evolution of behavior
in the four sessions of the 𝑇 = 2.8 treatment. In contrast with the 𝑇 = 1.6 treatment, the data reported in Table 2 and Fig. 3 reveal
a mixture of outcomes across the four sessions of the 𝑇 = 2.8 treatment. In particular, we observe that the experimental economy
either lingers in the middle ground between the all-payment-1 and all-payment-2 equilibria (sessions 1, 3 and 4) or appears to be
very slowly converging toward the all-payment-2 equilibrium (session 2).

Recall that when 𝑇 = 2.8, sellers are indifferent between the two equilibria as their payoffs are the same in either equilibrium.
Further, any outcome where all buyers allocate the same proportion of their endowment to payment 2 as the fraction of sellers
accepting payment 2 is always an asymmetric equilibrium in this setting. Generally we observe that the fraction of sellers accepting
payment 2 hovers above (with some volatility) the fraction of endowment that buyers allocate to payment 2.

If, over time, buyers increasingly insist on the new payment method 2, then sellers are likely to accommodate the buyers’ choices
by accepting it; this seems to be the case in session 2. In the final market of session 2 of the 𝑇 = 2.8 treatment, we see from Table 2
that buyers’ allocation of their endowment to payment 2 averages 96%, and six out of seven sellers (86%) accept payment 2.
The number of payment 2 transactions in this session increases from 55% in the first market to 84% in the last market. It seems
reasonable to conjecture that session 2 would converge more closely to the all-payment-2 equilibrium if the session had continued
beyond 20 markets.24 Note that, compared with the 𝑇 = 1.6 treatment sessions, the process of convergence toward the all-payment-2
quilibrium in session 2 of the 𝑇 = 2.8 treatment is considerably slower, more erratic and incomplete.

By contrast, in the other three sessions of the 𝑇 = 2.8 treatment there is little to no evidence of convergence toward either the
all-payment-1 or all-payment-2 equilibrium. Table 2 reveals that for session 3 there is a small increase in the number of transactions
using payment 2 from 61% in the first market to 76% in the final market, but the economy remains far away from the all-payment-2
equilibrium, or any other symmetric equilibrium. In session 1, the number of sellers accepting payment 2 fluctuates between 2/7

23 Finding 2 is also supported by the convergence test. As shown in Table C.2 (online Appendix C) the estimated long-run expected values of bPay2%,
Accept%, and pay2Meetings%, are not significantly different from 100 for sessions 1, 2 and 4. For session 3, the estimated long-run values of bPay2% and
ay2Meetings%, are also not significantly different from 100, but the seller’s choice of payment 2, sAccept%, is statistically different from 100, though the
agnitude of the difference is small (≤ 5%).
24 The formal convergence analysis (Table C.1) suggests that for session 2 of the 𝑇 = 2.8 treatment, the estimated long-term value of the buyers’ allocation

of their endowment to payment 2 (bPay2%) is not significantly different from 100% in this session. However, the other two variables, the sellers’ acceptance
rate and percentage of payment 2 meetings, have not yet converged to 100% in a statistical sense. Nevertheless, it seems reasonable to conjecture that session
13

2 would pass the convergence test if the session had continued beyond 20 markets.
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(28.5%) and 5/7 (71.4%). Consequently, buyers are not willing to take the lead by acquiring high payment 2 balances, fearing
that they will not be able to trade in case some sellers reject payment 2. As a result, the buyer’s average payment 2 allocation
and the number of sellers accepting payment 2 both average between 40%–50% throughout the entire session, but there is never
coordination on the same rate. Finally, session 4 shows an upward trend in payment 2 usage in the first seven markets, but this trend
abruptly halts thereafter, with the average number of payment 2 transactions barely changing from market eight onward (the value
fluctuates between 67% and 71%). This outcome represents near (but imperfect) convergence to an interior asymmetric equilibrium
where approximately five out of seven sellers (71%) are accepting payment 2 and buyers are allocating approximately 5 units of
their 7 EM endowment to payment 2. This is the closest instance we have to a dual payments equilibrium outcome in our data.

Finding 4. When 𝑇 = 3.5, the experimental economy slowly converges to the all-payment-1 equilibrium, or lingers in the middle ground
etween the two pure strategy equilibria.

Support for Finding 4 comes from Table 2 and Fig. 4, which report on the evolution of behavior in the four sessions of the
= 3.5 treatment. When 𝑇 = 3.5, sellers do better in the payment 1 equilibrium as compared with the payment 2 equilibrium; by

ontrast buyers always prefer the payment 2 equilibrium. Nevertheless, in each of the four sessions, more than 50% of sellers start
ut in the first market accepting payment 2, perhaps fearing that they will lose business in the case where some buyers show up
ith only payment 2 remaining. With experience, sellers learn to resist accepting payment 2 and to engage in a “tug-of-war” with
uyers; the average acceptance rate over all four sessions declines from 75% in the first market to just 21% in the last market.

Sellers appear to be winning this contest in sessions 1, 2 and 4, pulling the economy back in the direction of the status quo,
ll-payment-1 equilibrium. For example, in session 1 of the 𝑇 = 3.5 treatment, Table 2 reveals that buyer’s payment 2 allocation
alls from 65% in the first market to an average of just 6% in the last market. On the seller’s side, six out of seven sellers in this
ession (86%) accept payment 2 in the first market; by the last market of this session, no seller is accepting payment 2. The number
f payment 1 transactions increases from 35% in the first market to 94% by the final, 20th market; over the same interval, payment
transactions fall from 63% to 0%. In session 3, the tug of war continues throughout the session and neither side is able to gain the
pper hand; in that session, the average buyer’s payment 2 allocation and the number of sellers accepting payment 2 consistently
luctuates around 50%, but there is no coordination on any asymmetric equilibria in this setting.25

inding 5. Mis-coordination in payment choices increases in 𝑇 .

From Tables 2 and 4, mis-coordination in payment choices becomes more severe with higher 𝑇 , as manifested in the increasing
requency of no-trade meetings, which averaged 0.8% for 𝑇 = 1.6, 5.6% for 𝑇 = 2.8 and 8.6% for 𝑇 = 3.5.

Finally, in terms of payoffs (see Table 3), buyers benefit relative to the all-payment-1 equilibrium, whereas sellers only benefit
n the 𝑇 = 1.6 treatment and sellers suffer in the other two treatments relative to the all-payment-1 equilibrium benchmark. The
atter finding is summarized as follows.

inding 6. Sellers may choose to accept the new payment method (payment 2) even if doing so reduces their payoffs relative to the status
uo where only payment 1 is used.

Merchants often complain about high costs associated with accepting electronic payments but feel obliged to accept those costly
ayments for fear of upsetting or losing their customers (the so-called ‘‘must-take’’ phenomenon). A recent study by Bounie et al.
2017b) finds that in the case of France in 2008, the must-take phenomenon applies to 5.8–19.8% of card-accepting merchants.26

e observe a similar pattern in our experiment. For instance, when 𝑇 = 3.5, although sellers understand that they will lose relative
o the status quo if the economy moves to the all-payment-2 equilibrium, most sellers still begin the session accepting the new
ayment method (the average frequency of sellers accepting payment 2 in the first market is 68% in treatment 𝑇 = 2.8 and 75%
n treatment 𝑇 = 3.5). Furthermore, in all sessions with 𝑇 = 2.8 and 3.5, throughout all 20 markets, the seller’s average payoff is
lways below 3.5, the payoff that they would earn if the economy were in the all-payment-1 equilibrium (see Figures C.2 and C.3
n online Appendix C). Still, the ‘‘must-take’’ phenomenon is likely to be greater in practice than in our experiment which involves
nonymous, no repeat-matching. More generally, sellers could develop reputations for accepting multiple payment options and the
esponse of buyers to such reputations would likely increase pressure on reluctant sellers to adopt the new payment methods.

25 Table C.2 (online Appendix C) reveals that session 1 of the 𝑇 = 3.5 treatment passes the formal convergence test, with all three variables bPay2%, sAccept%
nd pay2Meetings% not statistically different from 0. In sessions 2 and 4 of the 𝑇 = 3.5 treatment, the trend works in favor of the seller, but the speed of

convergence is slow; at the end of session 2(4), 12% (22%) of transactions are still conducted in payment 2. Sessions 2 and 4 do not pass the convergence test;
however, given the downward trend in payment 2 choice and usage, one can reasonably conjecture that convergence to the all-payment-1 equilibrium would be
achieved with more market repetitions. Session 3 does not pass the convergence test either and it is not clear whether the session would converge even with
more market repetitions.

26 Some evidence in support of this claim comes from Evans (2011), p. vi), who observes that “...the US Congress passed legislation in 2010 that required
the Federal Reserve Board to regulate debit card interchange fees; the Reserve Bank of Australia decided to regulate credit card interchange fees in 2002 after
concluding that a market failure had resulted in merchants paying fees that were too high; and in 2007 the European Commission ruled that MasterCard’s
14

interchange fees violated the EU’s antitrust laws.”
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Table 5
Buyer payment 2 choice.

(1) (2)
Stage1:bBelief(%) Stage 2:bPay2(%)

MktAcceptL(%) 0.550∗∗∗
(0.037)

bBelief(%) 0.994∗∗∗
(0.046)

market 0.145 0.071
(0.120) (0.080)

location 0.929 1.409
(SFU=1;UCI=0) (1.356) (1.226)
T16 12.254∗∗∗ 0.189

(2.225) (2.243)
T35 −6.892∗∗∗ −1.207

(1.755) (1.752)

Notes. (1) *𝑝-value ≤0.1; **𝑝-value ≤0.05; ***𝑝-value ≤0.01. (2) Each regression
has 1, 596 = 12 × 7 × 19 observations. There are 12 sessions, each with 7 buyers
and 20 markets. For each individual, we have 19 observations as the first-stage
regression uses a lagged variable as an independent variable. (3) The regressions
have clustered errors at the individual subject level.

5. Individual experimental results

In this section we explore in further detail individual decision-making in our experiment. In particular, we examine the buyers’
portfolio decisions and the sellers’ payment 2 acceptance decisions taking into account treatment variables and buyers and sellers’
elicited beliefs. Since the impact of beliefs on behavior can result in endogeneity issues, we adopt an instrumental variables (IV)
regression approach. In the first stage, we regress each individual’s belief concerning the other players’ payment choices for the
current market on the outcomes that obtained in the previous market, together with four control variables: the market number, 1,
2, . . . , 20 (‘‘market’’) to capture any time trend, a location dummy (‘‘location’’) equal to 1 if the data were collected at SFU, and
two treatment dummies, T16 and T35, to pick up treatment level effects from the 𝑇 = 1.6 and 𝑇 = 3.5 treatments respectively (the
baseline treatment is thus 𝑇 = 2.8). In the second stage, we regress the payment choice on the estimated belief term and the control
variables. The specific rationale for this two-stage regression is that individuals’ payment choices depend on their beliefs about other
players’ choices, and their beliefs are in turn affected by historic outcomes.

Table 5 reports regression estimates for the buyer’s decision. The first-stage regression is a linear, random effects regression
model of buyer’s beliefs. The dependent variable is ‘‘bBelief%’’’, the buyer’s own incentivized belief as to the number of sellers who
will be accepting payment 2 in the current market. The main independent variable is ‘‘mktAcceptL%’’, representing the percentage
of sellers accepting payment 2 in the last market.27 In addition, there are four control variables: market, location, and the treatment
dummies, T16 and T35. The second-stage regression is a linear, random effects regression model of the buyer’s portfolio decision.
The dependent variable is the percentage of the buyer’s endowment that he/she allocated to payment 2 (card choice%), and the
explanatory variables are the estimated bBelief% term from the first stage and the four control variables.28

In the first-stage regression, the coefficient on MktAcceptL(%) is positive and statistically significant with a 𝑝-value close to zero,
which suggests that buyers adjust upward their belief about seller acceptance of payment 2 in the current market after observing a
higher past market seller acceptance of payment 2. Compared with the baseline treatment 𝑇 = 2.8, the buyer’s belief about sellers’
cceptance of payment 2 is 12% higher in treatment 𝑇 = 1.6, and 7% lower in treatment 𝑇 = 3.5; both coefficients are statistically
ignificant with 𝑝-values close to zero. There is no significant time trend in buyers’ belief (the variable market is insignificant). The
ocation dummy variable is also insignificant, suggesting that there was no significant difference in buyers’ beliefs between SFU and
CI, and rationalizing our pooling of the data from the two locations.

In the second-stage regression, only the coefficient on bBelief(%) is significant, with an estimate of 0.994, which is close to 1.
his finding is consistent with the theory: the buyer’s best response is to allocate 𝑥% of their endowment to payment 2 if they expect
% of sellers to accept payment 2. We summarize these results as follows.

inding 7. Buyers’ portfolio choices depend on their beliefs about sellers’ acceptance of payment 2, and these beliefs in turn depend on
istoric market outcomes and the value of 𝑇 .

27 Buyers learned the percentage of sellers accepting payment 2 in the prior market because they visited all seven sellers and were informed in every instance
hether or not the seller accepted payment 2. In addition, we reported information on the percentage of sellers who accepted payment 2 in all prior markets
n buyers’ stage 1 portfolio allocation screen. Thus buyers had ready access to the statistic mktAcceptL%.
28 In the context of the payment choice game, the buyer’s payoff depends on his/her own portfolio choice and the sellers’ acceptance decisions, but not on
ther buyers’ choices. As a result, we elicited the buyer’s belief regarding the number of sellers accepting payment 2, but not the buyer’s belief about other
uyers’ choices. For the same reason, the regressions for the buyer’s choice include the buyer’s belief on seller acceptance, but not beliefs about other buyers’
15
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Table 6
Seller Acceptance of Payment 2.

(1) (2) (3)
Stage 1:sBeliefB(%) Stage 1:sBeliefS(%) Stage 2:sAccept

sBeliefB(%) 1.008∗∗∗
(0.190)

sBeliefS(%) −0.093
(0.186)

sAcceptL −14.483∗∗∗ −0.482
(4.962) (4.262)

sPay2DealL(%) 0.379∗∗∗ 0.225∗∗∗
(0.047) (0.047)

sNoDealL(%) 0.370∗∗∗ 0.402∗∗∗
(0.074) (0.054)

sOtherAcceptL(%) 0.300∗∗∗ 0.457∗∗∗
(0.044) (0.053)

market −0.012 0.041 0.149
(0.132) (0.146) (0.161)

location 2.203 −0.913 0.080
(SFU=1;UCI=0) (2.607) (1.571) (3.833)
T16 4.700 6.366∗∗ 15.295∗

(2.989) (2.927) (8.984)
T35 −2.759 −4.244∗ −4.394

(2.807) (2.201) (3.771)

Notes. (1) *𝑝-value ≤0.1; **𝑝-value ≤0.05; ***𝑝-value ≤0.01. (2) Each regression has 1596 = 12 × 7 × 19
observations. There are 12 sessions, each with 7 sellers and 20 markets. For each individual, we have 19
observations as the first-stage regression uses a lagged variable as an independent variable. (3) The regressions
have clustered errors at the individual subject level. (4) For the stage-2 regression, coefficient represent the
marginal effect on the probability of sellers accepting payment 2.

Table 6 reports regression estimates from the seller’s acceptance decisions.29 Again, we used an IV regression, for the same reasons
iven earlier for buyer choices. The first stage estimates the sellers’ beliefs concerning other sellers’ acceptance decisions and about
uyers’ portfolio choices using linear, random-effects models. The dependent variables are ‘‘sBeliefB(%)’’ and ‘‘sBeliefS(%)’’, which
re the seller’s incentivized beliefs about the buyers’ average allocation of their endowment to payment 2 and the percentage of the
ther six sellers (excluding themselves) who would accept payment 2 in the current market. For the independent variables, besides
he four control variables used in the regression on buyer payment choices, there are four variables that capture the historical data:
‘sOtherAcceptL(%)’’, which is the percentage of sellers who accepted payment 2 in the previous market (this historical information
as revealed to sellers at the start of stage 1 of each new market when they had to make a new payment adoption decision);

‘sAcceptL’’, which is the seller’s own acceptance decision in the previous market; ‘‘sPay2DealL(%)’’, which is the percentage of
ransactions the seller succeeded in conducting using payment 2 in the previous market; and ‘‘sNoDealL(%)’’, which is the percentage
f no trade outcomes the seller encountered in the previous market. The second-stage regression is a probit, random-effects model
f the seller’s acceptance decision. The dependent variable, ‘‘sAccept’’, is a binary variable that is equal to 1 if the seller accepts
ayment 2, and 0 otherwise. The explanatory variables are the estimated belief terms from the first-stage regression, sBeliefB(%) and
BeliefS(%), and the four control variables. For the second-stage regression, Table 7 shows the marginal effects of the explanatory
ariables on the seller’s probability (in %) of accepting payment 2.

From the first column in Table 6, we see that sellers adjust their beliefs about buyers’ payment 2 balances upward if the sellers
ompleted more payment-2 transactions (sPay2DealL(%)) or encountered more no-trade meetings (sNoDealL(%) in the previous
arket. This result is intuitive. If the seller accepted payment 2 in the previous market, then more payment-2 meetings imply that

uyers carry higher payment-2 balances. If the seller did not accept payment 2 in the previous section, then more no-trade meetings
lso imply that buyers have higher payment-2 balances. In either case, the seller adjusts sBeliefB(%) upward. The negative coefficient
efore sAcceptL means that sellers who accepted payment 2 in the previous market tends to start at a lower base probability.30

he positive coefficient before sOtherAcceptL(%) suggests that sellers expect buyers to increase their payment 2 balances after
bserving a higher market acceptance rate for payment 2 in the previous market. The coefficient on the location dummy is small
nd not statistically significant which rationalizes our pooling of the data from the two locations. There is no significant time trend
n sBeliefB(%) as indicated by the insignificance of the market number variable. The coefficients on the two treatment dummies
ave the expected signs (positive for T16 and negative for T35), but are not statistically significant at the 10% significance level.

29 The analysis in Tables 6 and 7 uses the Stata package cmp (Roodman, 2011).
30 We have sAcceptL in the stage 1 regression specification so that sellers who accepted payment 2 and those who did not could have different intercepts.
hose who accepted respond to the number of payment 2 transactions (and they have no no-trade meetings), and those who did not accept respond to the
umber of no-trade meetings (and they have no payment-2 meetings). Given that the sellers respond to different past variables, it is reasonable to not restrict
hat they have the same intercept. Note that although sAcceptL is negative, the predicted sBeliefB(%) tends to be higher if sAcceptL = 1, because it depends on
16

ther variables in the regression specification too, such as the value and slope of sCardDeal(%) and sNoDeal(%).
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Table 7
Seller Acceptance (1 = Accept, 0 = Reject), Probit with Random Effects by Treatment.

T = 1.6 T = 2.8 T = 3.5

sAcceptL(%) −14.843 −19.577∗∗∗ 4.043
(9.580) (7.222) (5.084)

sPay2DealL(%) 0.360∗∗∗ 0.368∗∗∗ 0.148∗∗
(0.069) (0.082) (0.075)

Stage 1: sBeliefB(%) sNoDealL(%) 0.235∗∗ 0.224 0.404∗∗∗
(0.096) (0.153) (0.108)

sOtherAcceptL(%) 0.187 0.301∗∗∗ 0.262∗∗∗
(0.127) (0.060) (0.097)

market 0.387∗∗ −0.147 −0.238
(0.190) (0.269) (0.359)

location 10.488∗∗∗ 3.374 −5.225
(SFU = 1;UCI = 0) (2.210) (3.008) (5.541)

sAcceptL(%) 12.035∗ −0.179 1.935
(6.645) (5.956) (7.893)

sPay2DealL(%) 0.174∗∗∗ 0.124∗∗ 0.245∗∗∗
(0.052) (0.055) (0.093)

Stage 1: sBeliefS(%) sNoDealL(%) 0.335∗∗∗ 0.195∗∗ 0.523∗∗∗
(0.086) (0.079) (0.099)

sOtherAcceptL(%) 0.299∗∗∗ 0.297∗∗∗ 0.501∗∗∗
(0.083) (0.052) (0.106)

market 0.338∗∗∗ 0.195 0.025
(0.094) (0.166) (0.493)

location 3.834∗∗∗ 8.832∗∗∗ −9.433∗∗
(SFU = 1;UCI = 0) (0.733) (2.433) (4.034)

sBeliefB(%) 0.297 1.345∗∗∗ 1.369∗∗∗
(0.256) (0.180) (0.064)

Stage 2: sAccept sBeliefS(%) 0.042 −0.958∗∗∗ −0.683∗∗∗
(0.262) (0.234) (0.236)

market 0.107 0.955∗∗ 0.190
(0.201) (0.400) (0.455)

location −1.837 11.637∗ −0.350
(SFU = 1;UCI = 0) (2.700) (6.553) (7.653)

Notes. (1) *𝑝-value ≤0.1; **𝑝-value ≤0.05; ***𝑝-value ≤0.01. (2) Each regression has 532 = 4 × 7 × 19 observations. There are
4 sessions, each with 7 buyers and 20 markets. For each individual, we have 19 observations as the first-stage regression uses
a lagged variable as an independent variable. (3) The regressions have clustered errors at the individual subject level.

Sellers’ beliefs about other sellers’ payment 2 acceptance choices follow a similar pattern to their beliefs about buyers’ allocation
f endowments to payment 2. As the second column of Table 6 reveals, sellers expect the fraction of other sellers accepting payment
to increase if they completed more payment 2 transactions or encountered more no-trade meetings in the previous market. They

lso expect the higher acceptance rate in the previous market to persist into the current market (the coefficient on sOtherAcceptL%
s 0.457 and the 𝑝-value is close to 0). The treatment dummies have the same signs as in the regression for sellers’ beliefs about

buyers’ portfolio choices, but are statistically significant (the 𝑝-value is 0.030 for T16 and 0.054 for T35). Sellers’ beliefs about other
sellers do not exhibit significant time trend or location effects.

Finally, as column 3 of Table 6 reveals, the seller’s decision to accept payment 2 depends crucially on their beliefs about buyers’
portfolio choice. In the second-stage regression, the coefficient on sBeliefB(%) is 1.008 and has a 𝑝-value close to 0. In words, the
probability of a seller accepting payment 2 increases by 1% if they expect buyers to increase their allocation to payment 2 by 1%.
The effect of sellers’ beliefs about other sellers’ payment 2 acceptance decisions is small in magnitude and not statistically significant.
Thus it is principally sellers’ beliefs about buyer behavior that matter most for their acceptance decisions. The treatment effects have
the expected signs; relative to the 𝑇 = 2.8 treatment, the sellers’ acceptance rate is more than 15% higher in treatment 𝑇 = 1.6,
and the difference is significant at the 10% level. There is again an absence of any significant time trend or location effect. We
summarize our findings for seller behavior as follows:

Finding 8. Sellers’ acceptance of payment 2 depends on 𝑇 and on sellers’ beliefs about buyer allocations to payment 2; these beliefs, in
turn, depend on historic market outcomes.

Summarizing the IV regression results, we have found that both buyers and sellers adjust their behavior in a manner that is
consistent with our theory. Buyers’ portfolio choices depend crucially on their beliefs about sellers’ acceptance decisions, and, vice
versa, sellers’ acceptance decisions depend crucially on their beliefs about buyers’ portfolio choices, suggesting that the payment
choice in our experiment exhibit a strong network effect. The payment system evolves over time as subjects adjust their beliefs,
and therefore their choices, in response to historic data. We have also confirmed the strong treatment effects (either directly on
choices or indirectly through beliefs) that we report on earlier in Finding 1. In addition, we have not found evidence for any strong
17
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location effects in the decisions made by buyers or sellers, despite conducting our experiment using student subjects at two different
universities, SFU and UCI.31

Finally, we discuss what may have driven the strong network effects running in both directions in our paper, which are absent
in the previous work by Camera et al. (2016) Regarding the network effects from sellers to buyers, one contributing factor may be
the difference in buyers’ adoption decisions. In our setting, buyers make a continuous portfolio allocation of funds between the two
payment methods. In Camera et al. (2016) buyers must allocate all of their money to one of the two payment methods; this more
restrictive money allocation choice may make buyers less sensitive to sellers’ adoption decisions.32

Regarding the network effects from buyers to sellers, the most likely explanation is the existence of a fixed adoption cost in our
etting, which makes sellers respond more strongly to buyers’ payment allocation decisions. In particular, sellers would reject the
ew payment method if buyers hold only the existing method. In Camera et al. (2016), the fixed adoption cost is zero. Although
he exclusive use of the existing payment method comprises a Nash equilibrium, it is not robust to trembles: sellers are indifferent
etween accepting and rejecting the new payment method in this equilibrium and have the incentive to accept the new payment
ethod to minimize payment mismatch if there is no cost of doing so. This could explain why seller adoption is consistently high

n Camera et al. (2016) regardless of buyers’ choices. To provide some evidence about this conjecture, we run the IV regressions
or sellers for each treatment separately. The results are shown in Table 7. There we see that, as in Table 6, seller’s acceptance
f payment 2 depends on their beliefs about buyer’s acceptance of payment 2, but only when the fixed cost 𝑇 is sufficiently high
greater than 1.6). We further observe that, by contrast with Table 6, when we disaggregate seller behavior by treatment, sellers’
eliefs about the acceptance decisions of other sellers (the coefficient for sBeliefS(%) in stage 2 regression) now becomes significant
n explaining the sellers’ adoption decisions when 𝑇 is sufficiently high (again greater than 1.6). Thus, the belief interaction effects
end to be significant only when the fixed costs are sufficiently high. We summarize these results as follows.

inding 9. The fixed adoption cost is important for the network effect running from the buyer’s portfolio choice to the seller’s adoption
hoice. This effect is insignificant for the treatment with the lowest fixed cost (when 𝑇 = 1.6), but becomes significant for more substantial
ixed costs (when 𝑇 = 2.8 or 3.5).

Other design features may also have played a role in driving the difference in network effects between the two papers. In our
xperiment, buyers meet all sellers and vice versa in each period and subjects quickly learn about the aggregate market condition,
hich boosts interaction between the two sides. In Camera et al. (2016), subjects visit a different partner in every period and
bserve only their own trading histories. The lack of market-level information may slow down the response to the other side’s
doption decision. Another possible factor is that in Camera et al. (2016), subjects make both payment and terms of trade decisions.
uch multi-tasking may be too challenging for subjects and cause them to focus on the more salient fee/reward structure rather than
he coordination problem. In our experiment, we fix the terms of trade so that subjects can concentrate on the choice of payment
ethods and the related coordination problem.

. An evolutionary learning model of payment choice

While our theoretical model is static, the adoption of a payment method is inherently a dynamic process. Our experiment suggests
hat this dynamic process involves some learning over the repeated markets of our design. Toward a better understanding of this
ynamic learning process, in this section we develop an evolutionary learning model to understand behavior in our payment adoption
ame and we compare simulation results using that model with our experimental data. After establishing that our evolutionary model
rovides a good fit to our experimental data, we use that model to predict outcomes for a fourth experimental treatment. That is,
e use the evolutionary model for experimental design. We then carry out an additional experimental treatment and again find a
ood fit between the evolutionary model and this new experimental data.

.1. The individual evolutionary learning model

The learning model we use is the individual evolutionary learning model (IEL), which has been successfully used to characterize
nd predict the behavior of human subjects in many different economic environments (see, for example, Arifovic and Ledyard, 2007,
011, 2012, 2018; Arifovic et al., 2019). IEL belongs to the evolutionary algorithm class of machine learning models and provides
flexible, dynamic approach to modeling strategic interactions over time.33

The environment in which we simulate the IEL model corresponds precisely to our experimental environment, i.e., it is inhabited
y seven buyers and seven sellers, and it lasts for 20 markets (periods) with each period involving a first payment choice stage

31 Complementary to the regression analysis, in online Appendix F, we provide histograms of buyers’ and sellers’ beliefs at the start of three markets (1, 10
nd 20) for each treatment to show how these beliefs evolved over time. One observation is that the initial, market 1 beliefs tend not to differ significantly
cross the four treatments. However, these beliefs evolve over time and become significantly different from one another in the later markets across the different
reatments. Given the strong dependence of payment decisions on beliefs, the dynamic pattern of beliefs also translates into payment adoption. As pointed out
n the previous section, the payment adoption and use variables also started out with roughly similar initial conditions and also diverged over time.
32 We also run IV regressions for buyers separately for each treatment (see table C.1 in the online Appendix C), and we find that, in all three treatments,
uyers’ portfolio choices depend significantly on their beliefs about sellers’ acceptance decisions.
33 There are certainly other learning approaches that could be used, such as reinforcement learning or experience weighted attraction. For a comparison
etween these alternative approaches and the IEL model we use, see, e.g. Arifovic and Ledyard (2004, 2011).
18
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followed by a second stage of seven trading rounds. The sequence of events in each period and round exactly follows the experimental
design. The artificial agents have the same amount of information that the human subjects had at every decision node. Each of the
seven artificial buyers and sellers in our evolutionary model has as a set of 𝐽 rules; each rule consists of a single number. For buyer
𝑖 ∈ {1, 2,… , 7}, a rule 𝑚𝑖

𝑏,𝑗 (𝑡) ∈ {0, 1,… , 7}, where 𝑗 ∈ {1, 2,… , 𝐽}, represents the number of EM units the buyer places in payment 2
in market (period) 𝑡. For seller 𝑖 ∈ {1, 2,… , 7}, a rule 𝑚𝑖

𝑠,𝑗 (𝑡) ∈ [0, 1], where 𝑗 ∈ {1, 2,… , 𝐽}, represents the probability that the seller
accepts payment 2. When a particular seller rule is selected as an actual rule, a random number between 0 and 1 is drawn from a
uniform distribution over [0, 1]. If that number is less than or equal to 𝑚𝑖

𝑠,𝑗 (𝑡), the seller decides to accept payment 2. Otherwise, the
seller decides not to accept payment 2 for that market.

The initial set of 𝐽 rules (strategies) for all buyers and sellers is randomly chosen.34 Then, for the initial market, one strategy is
randomly chosen for each buyer and each seller from their initial set of 𝐽 strategies and those are the strategies played in the first
market. Thereafter, the updating of the buyers’ and sellers’ sets of rules and the strategy chosen by each player takes place at the
end of each seven-round market and consists of four steps (further details are provided in online Appendix D):

1. Experimentation. Experimentation introduces new, alternative rules that otherwise might never have a chance to be tried. It
ensures that a certain amount of diversity is maintained. This operation involves changing each element of the current set of
rules to a new rule with some probability. The new rule is drawn from a normal distribution, with mean equal to the current
rule.35

2. Foregone payoff calculation. As the rules that our IEL sellers and buyers use are simple, the foregone payoff calculation is what
gives the algorithm its power. It evaluates how each strategy would have performed had it been used in the just completed
period. For the buyer, the relevant variable for calculating the foregone payoff is the number of sellers who accepted payment
2, which subjects learn at the end of each market. For the seller, there are two relevant variables. The first is the number
of sellers excluding seller 𝑖 that accepted payment 2; this variable can be accurately inferred from the market-wide seller
acceptance statistic. The second is the average allocation to payment 2 by all 7 buyers. In our experiment, this information is
not public knowledge, and the seller must try to deduce it based on the available information. The deduction is seller-specific
and depends on each seller’s experience from the previous period.

3. Replication. Replication reinforces rules that would have been good choices in previous periods. Specifically, rules with higher
foregone payoffs are more likely to replace those with lower foregone payoffs. We implement replication using the following
tournament process: we randomly pick two members of the current set of 𝐽 rules with replacement, compare their forgone
payoffs, and place the rule with the higher payoff in the new set of rules; we repeat this process 𝐽 times so that the new set
of rules has 𝐽 members.

4. Selection. Following experimentation, foregone payoff calculation and replication, we randomly choose one rule from the
new set of 𝐽 rules based on foregone payoffs; the probability with which a strategy is selected is proportional to its relative
foregone payoff among the player’s set of 𝐽 rules.

.2. Simulation results and comparison with the experimental data

We adapted the IEL model in the manner described above to capture the dynamics of our experimental data. There are three free
arameters for this model. We set the size of the set of rules, 𝐽 = 150, the experimentation rate, 𝜇 = 0.35, and the standard deviation
f experimentation, 𝜎 = 3.5. The parameters are the same for buyers and sellers. These parameter choices are based on prior work
y Arifovic and associates and were not chosen to fit our experimental data. The standard deviation of the experimentation rate
as chosen to be the mid-point of the buyer’s strategy space.

Fig. 5 plots the path of the payment choice (buyer’s allocation to payment 2, seller’s acceptance of payment 2) averaged across
he four experimental sessions (first row), as well as 50 simulated IEL sessions (second row) for each of the three treatments (T

1.6, 2.8 and 3.5). The IEL simulated paths exhibit patterns that are strikingly similar to those of the experimental sessions. In
articular, we observe that for 𝑇 = 1.6 treatment, there is quick convergence to the all-payment-2 equilibrium in both the simulated
nd experimental data averages. For the 𝑇 = 2.8 treatment, there is a mixture of outcomes: the simulated economies can either linger
n the middle ground between the all-payment-1 or all-payment-2 equilibria, or slowly converge to the all-payment-2 equilibrium,
ust as is the case in the experimental data. Finally, for the 𝑇 = 3.5 treatment, the simulated sessions either slowly converge to the
ll-payment-1 equilibrium or linger in the middle ground between the two pure strategy equilibria. The average paths again match
hose of the experimental data.

Encouraged by the good fit between the experimental and IEL model simulations for the first three treatments, we used the IEL
lgorithm to run simulations with higher values for 𝑇 . We were interested in understanding how large 𝑇 needed to be in order for
here to be coordination on the all-payment-1 equilibrium within the time frame of our experimental sessions (20 markets). That
s, we used the IEL for experimental design. We found that the simulated economies almost always converged to the all-payment-

equilibrium within 20 markets for 𝑇 = 4.0 and higher. To further validate the ability of the IEL model to characterize our

34 To be precise, for the buyer, the initial set of rules is drawn from a uniform distribution from 0 to 7 scaled by the average bPay2% in Table 2 over 50.
or the seller, it is drawn from a uniform distribution from 0 to 1 scaled by the average sAccept% over 50. For example, for 𝑇 = 2.8, the scale is 60/50 for

buyers, and 89/50 for sellers. The purpose of the scaling is to match the average starting point in the experimental sessions.
35
19

If the draw from the normal distribution is larger (smaller) than the upper (lower) limit of the choice set, limit of the choice set.
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Fig. 5. Payment choices averaged across experimental sessions (top row) and simulated IEL sessions (bottom row).
Notes. (1) The four figures in the first row represent average payment choices over all four experimental sessions of each of the four treatments; the four figures
in the second row represent the average payment choices over 50 IEL-simulated sessions. (2) Horizontal axis: market number 1-20. (3) The blue solid line
represents the percentage of money allocated to payment 2, averaged across the seven buyers; the red dashed line represents the percentage of the seven sellers
accepting payment 2.

experimental data, we ran a new experimental treatment with 𝑇 = 4.5 to confirm this prediction. We again ran 4 sessions of
this new 𝑇 = 4.5 treatment, each with 14 subjects, following the same procedures as for the other three treatments.

As the fourth column of Fig. 5 reveals, the IEL model simulations for the 𝑇 = 4.5 treatment (average of 50 runs in row 2)
are a close match to the experimental data (average of 4 experimental sessions in row 1). As predicted by the IEL model, all four
experimental sessions are very close to the all-payment-1 equilibrium by the end of the experiment. For a more disaggregated view
of the experimental data, see Figure E.1 in online Appendix E which (similar to Figs. 2 to 4) graphs the time path of first stage
payment choices and the second stage payment usage for the four experimental sessions of the 𝑇 = 4.5 treatment.

Since the IEL algorithm provides a dynamic model of behavior that approximates well the path taken by subjects in our
experiment we use the IEL model to carry out another interesting analysis. As shown in the previous section, the experimental
sessions with 𝑇 = 2.8 and 𝑇 = 3.5 often do not converge to either symmetric equilibrium within the time frame of 20 markets that
we allowed in our experiment. That is, the experimental sessions are constrained in terms of the number of markets that we can run,
by the need to avoid subject boredom, and to allow for meaningful subject payments. One useful exercise is to use the IEL model
to gain some insights about whether the economy would eventually converge to one of the two symmetric pure strategy equilibria
and, if so, which equilibrium will be chosen and how long will that transition process take?36 We first establish some criteria for
declaring convergence of the IEL algorithm to an equilibrium outcome, and we also construct an index that measures the stability of
that convergence outcome over next 100 periods (markets); the details of these definitions and the results of the simulation exercise
are provided in online Appendix D. Then, we ran 50 simulations of the IEL algorithm for each of the four values for 𝑇 , and computed
these measures. We find that for the 𝑇 = 1.6 and 𝑇 = 2.8 treatments, the IEL simulations eventually converge to the all-payment-2
equilibrium. The mean time to convergence to the all-payment-2 equilibrium (using our convergence criterion) for the 𝑇 = 1.6
treatment is 8.5 time periods (markets) with a small standard deviation (1.9) and very high index of stability of the equilibrium
outcome equal to 98%. On the other hand, for the 𝑇 = 2.8 treatment, the mean time to convergence to the all-payment-2 equilibrium
is considerably longer, at 76.9 markets with a larger standard deviation (st. dev. 47.8). However, once convergence occurs, the index
of stability for the 𝑇 = 2.8 treatment is 88%. For the 𝑇 = 3.5 and 𝑇 = 4.5 treatments, the IEL simulations eventually converge to the
all-payment-1 equilibrium. In the 𝑇 = 3.5 treatment, this takes on average, 49.2 markets (std. dev. 28.3) with an index of stability of
90%. For the 𝑇 = 4.5 treatment, the mean number of periods (markets) required for convergence to the all-payment-1 equilibrium
is low, just 7.4 periods with a standard deviation of only 1.6, and the value of the index of stability is equal to 98%. In online
Appendix D we also report on some further simulation exercises that explore the ‘‘tipping point’’ value of 𝑇 for which adoption of
the new payment method occurs or does not occur as well as the effects of reducing the seller’s payment costs, which increases the
sellers’ gains from trade.

36 To achieve convergence, we specify that the experimentation rate and standard deviation decay over time. See online Appendix D for details.
20
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6.3. Analysis of treatment with T = 4.5

In this subsection we briefly analyze the experimental data from the 𝑇 = 4.5 treatment (more details are provided in Figure E.1
and Tables E.1 to E.6 in online Appendix E. The four experimental sessions of the new, 𝑇 = 4.5 treatment converge very close to the
all-payment-1 equilibrium. Averaged across the four sessions, Table E.1 reveals that by last market, buyers allocate just 7% of their
endowment to payment 2 meaning that they are allocating an average of 93% of their endowment to payment 1; on average just
14% of sellers (1 out of 7) choose to accept payment 2 and 93% of transactions are conducted with payment 1.37 Compared with
the other three treatments, payment mismatch is more serious in this new 𝑇 = 4.5 treatment: averaged across the 20 markets and
the four sessions, 12% of meetings result in no trade, versus 9% for 𝑇 = 3.5, 6% for 𝑇 = 2.8 and 1% for 𝑇 = 1.6. These treatment
differences are also significant according to rank-sum tests (see Table E.3) and our convergence test (see Table E.4).

The analysis of buyers’ allocation of their endowment to payment 2 as reported in Table E.5, which uses the same IV approach
as in Table 5, suggests that buyers respond strongly to their beliefs about sellers’ acceptance decisions: the coefficient on the term
bBelief(%) is 0.763, meaning that a 1% increase in this belief about seller acceptance of payment 2 induces a 0.763% increase in
allocation of endowment to payment 2. Buyers adjust their beliefs about sellers’ acceptance decisions after observing the market
acceptance rate in the previous market. Over time, buyers reduce their allocations to payment 2: the coefficient on the market
number variable is −0.623 (from market 1 to 20, the reduction is about 12%). Subjects at SFU tend to believe that more sellers
will accept payment 2 (than subjects at UCI), but the magnitude of the difference is small at about 5%. The regression for sellers’
acceptance decisions in Table E.6, following the same IV approach as Tables 6 and 7, suggests that sellers’ beliefs again respond to
historic market outcomes in ways that are similar to the first three treatments. Sellers’ acceptance decisions respond to their beliefs.
However, the coefficients on the (estimated) belief terms are not statistically significant for treatment 𝑇 = 4.5, largely because many
ellers quickly decide not to accept payment 2 due to the high fixed cost. This is similar to treatment 𝑇 = 1.6, where many sellers
uickly decide to accept payment 2 due to the low fixed cost.

. Conclusion and directions for future work

We have developed an experimental framework to understand factors that may contribute to the adoption of a new, alternative
ayment method when there already exists a payment method that all sellers will accept. To complement theoretical and empirical
tudies on payment choice and adoption, we design our experiment so that we can observe how the two sides of the payment market,
onsumers and merchants, coordinate their adoption decisions over time. We elicit players’ beliefs about the other side’s adoption
ecisions to test directly the network effects, which are emphasized by the theoretical literature but pose a challenge for empirical
ork to directly test. Among the many possible factors that could affect the adoption of a new payment method, we focus on one

mportant factor, the cost structure of the payment method, and in particular, the fixed cost that the seller must incur (relative
o savings in per transaction costs) associated with the adoption of a new additional payment method. We use the experimental
ramework to study how this factor affects the adoption process and we test directly the network adoption effects.

We find that the new payment method will take off if the fixed cost is low so that both sides benefit by switching to the new
ayment method. If the fixed cost is high such that the seller endures a loss in the equilibrium where the new payment method is
sed relative to the equilibrium where it is not accepted, some sellers nevertheless respond by accepting the new payment method
nitially, fearing to lose business, but they mostly eventually learn over time to resist the new payment method and pull the economy
ack to use of the old payment method. If neither side displays much willpower to move behavior toward one equilibrium or the
ther, then the economy may linger in the middle ground between the two equilibria. Importantly, we find evidence from our two-
ided experiment involving both buyers and sellers of strong network effects. Buyers’ portfolio choices depend on their beliefs about
ellers’ acceptance of the new payment method whereas sellers’ acceptance of the new payment method depends on their beliefs
bout buyer’s portfolio choices. Such direct evidence for network effects would be difficult to document or obtain outside of the
aboratory. The fixed merchant adoption cost is important for generating the strong feedback effect from consumers to merchants.

We also find that an evolutionary learning model, derived from the machine learning literature, captures the dynamic process
f payment choices well. Simulations of this evolutionary model provide a good fit to our experimental data, and we show how
his learning model is useful for the design of new experimental treatments, by conducting an additional treatment to validate
he model’s prediction. Further, we show that our empirically validated evolutionary learning algorithm can be useful in assessing
onger-run outcomes, beyond the time frame of a human subject experiment.

In this study we focus on the effect of the cost structure of the new payment method. The framework we have developed in
his paper can be used to address a number of other interesting questions. For instance, (1) what are the effects of subsidies on the
doption of a new payment method? Our current results suggest that a sufficiently large subsidy to sellers in the 𝑇 = 3.5 treatment
ould work to promote the adoption of the new payment method, e.g. a subsidy of 0.7 that reduced the fixed costs of adoption

rom 3.5 to 2.8. (2) In the present model we fix the terms of trade, but it would be of interest to allow sellers to offer discounts or
mpose surcharges and ask how that affects the adoption of the new payment method. (3) The baseline model also assumes a single
ew payment method. It would be of interest to further explore how the economy evolves if there is more than one new payment

37 The buyer’s payment choice passes the convergence test (to the all-payment-1 equilibrium) in all four sessions. The seller’s payment choice passes this
onvergence test only in session 2; the other sessions do not pass the convergence test mainly because one or two sellers switched between accepting and
21

ejecting payment 2. The percentage of payment-2 meetings passes the convergence test in three of the four sessions.
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method. Imagine the simplest case featuring two new payment methods with the same setup costs. Competition between the two
new payment methods may make it difficult for agents to coordinate on the use of a single new payment method. As a result, it
is possible that neither payment method would take off, or it may take a longer time for the economy to converge. (4) It would
be interesting to isolate the desirable features of an existing payment method that a new payment method would need to have in
order to make it more competitive. Anonymity, perhaps? Robustness to network breakdowns? What is the effect of an incidence of
identity theft? Suppose the economy has arrived at the equilibrium with the new payment method. Can the economy revert to the
equilibrium with the old payment method, and if so, under what circumstances? (5) Suppose consumers receive their income in the
form of either the old or the new payment method and assume there is a small cost of portfolio adjustment at the beginning of each
market. Do these changes matter for the equilibrium that is selected? (6) The baseline model assumes that sellers always accept the
old payment method. What would happen if we relax this assumption and allow sellers to decide whether to accept the old payment
method? (7) The baseline model assumes that consumers cannot convert between the old and the new payment methods after the
initial portfolio choice. As a result, if the consumer has only the new payment method but the seller does not accept it, there will be
no trade. In such instances, we could modify the model to allow for conversion opportunities subject to a cost. Note that this new
specification does not change the equilibrium outcomes. In equilibrium, buyers’ portfolio choices will be fully consistent with the
sellers’ acceptance decisions and there is no need to convert. However, the conversion cost(s) may affect the speed of convergence
to equilibria. We believe that all of these extensions of our model are worth examining theoretically and/or experimentally, but we
must leave such an analysis to future research.

Data availability

Data will be made available on request.

ppendix A. Supplementary data

Supplementary material related to this article can be found online at https://doi.org/10.1016/j.euroecorev.2023.104410.
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