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Abstract The price structure of two-sided markets displays several counterintuitive properties of significance for policymakers. This study investigates the effects of different policies on price structure and consumer surplus in a two-sided market monopoly. Consistent with theory, in a laboratory environment, the majority of subjects charge a price below cost, even if there is no threat of entry by new competitors. However the prices are not close to the predicted prices. A policy that imposes that the monopolist must charge the same price on both sides of the market decreases total consumer surplus, as does a policy that imposes that prices must be above costs. A tax that increases the cost on one side of the market leads to a decrease in the price that the monopolist charges on the other side of the market. These results suggest that policymakers should distinguish between onesided and two-sided markets in determining optimal policies.
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1. Introduction A number of authors have developed theoretical models for the case of network effects with cross-group externalities,1 such as the credit card and dating website markets. Chakravorti and Roson (2006) observe that other than the case of the credit card market, there was little empirical work on the subject. In one relevant paper, Kaiser and Wright (2006) estimate a model of competition in the magazine market using a dataset that covers 18 magazine markets in Germany. In the last few years, more empirical work has been done on other industries, such as video game industry (Lee, 2013; Gil and Warzynski, 2014), and newspaper industry (Fan, 2013; Affeldt et al. (2013)). However, there is little experimental work. To my knowledge, the only other experimental paper about a two-sided market is Kalayci et al. (working paper). Kalayci et 1



See, e.g., Armstrong(2006), Armstrong and Wright (2007), Caillaud and Jullien (2003), Rochet and Tirole (2003, 2006), and Hagiu (2009).
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al. (working paper) look at the relationship between the prices in a two-sided market and transportation cost or the externality. While most of the results are consistent with the theory, one interesting finding is that the prices do not converge to the equilibrium. Two other experimental studies that are close to a study of a two-sided market are Chakravarty (2003), which conducts an experiment concerning technology adoption when there are network externalities, and Brown-Kruse et al. (1993), which examines spatial competition. My study attempts to fill this void. This experimental approach allows me to implement and study the effects of multiple policies applied to a two-sided market monopoly. I present the design and results of an experiment investigating the effects of different policies on price structure and consumer surplus in such market. While policy makers are, indeed, interested in total social welfare, I focus mainly on consumer surplus because the policies in this study are constraints for the producer, and, thus, it is obvious that producer surplus will not increase. This implies that a decrease in consumer surplus induces a decrease in total social welfare, as well. The optimal price structure in this type of market has specific properties that are important for policy makers. In a one-sided market, a firm is disallowed by law from charging a price below cost since a firm could adopt a predatory pricing strategy to force competitors to exit the market, or could engage in limit pricing to prevent potential competitors from entering the market. In a two-sided market, however, a firm might choose to charge a price below cost to one type of agent in order to increase the number of this type of agent, which would lead to an increase in profit obtained from the other type of agent. Thus, theoretical models predict that, depending on cost and demand, the optimal price may be below cost on one side of the market, even for a monopolist that faces no threat of new entry. Such a pricing strategy might also increase total consumer surplus (the surplus of the agents from both sides of the market) relative 3



to the situation in which the monopolist is prevented from charging a price below cost. This indicates that policy makers should take into account the type of market in which a consumption externality exists in order to differentiate between a predatory pricing strategy in a one-sided market and an optimal price structure strategy in a two-sided market. The experiment in this paper implements a two-sided market monopoly in order to provide empirical evidence on actual pricing behavior in a controlled setting. In the parameter environment of the base model, the predicted price for agents on one side of the market is 50% less than the cost per agent, but the monopolist is able to make a positive total profit in both the short run and the long run. The results from the experiment are consistent with these predictions, in the sense that subjects charge a price below cost on one side of the market even if there is no threat of new entry by competitors. The experiment also investigates the results of three different policies concerning the prices that a monopolist charges the two types of agents: a policy that prohibits prices below marginal cost; a policy that imposes the same price on both sides of the market; and a policy that imposes a tax (or subsidy) on one side of the market. Several papers review this literature, including Evans (2003a, 2003b), Wright (2004), Roson (2005), and Rochet and Tirole (2006). While someone might argue that the modern antitrust authorities have smart economists who are aware of a two-sided market’s price structure, there were and there are still examples in which the right policy or price structure are not used. Behringer and Filistrucchi (2015) states: “Despite the warnings of the economics literature, competition authorities and courts tend to analyze predatory claims with a one-sided logic”. Wright (2004) presents some differences between one-sided and two-sided markets through eight fallacies that a policy maker might face if he applies one-sided logic in two-sided 4



markets. One example comes from the Reserve Bank of Australia (RBA) and the Australia Competition and Consumer Commission (ACCC). Even in a very competitive market, if there are cross-group externalities, we can observe a high price-cost margin on one side of the market. A more balanced price structure will not necessarily attract more users to join the platform, and the platform’s profit may be lower. But ACCC and RBA state in their report: “Competitive pressures in card payment networks in Australia have not been sufficiently strong to bring interchange fees into line with costs” (p.56). This example is also related to the third fallacy discussed in the paper, which states: “A price below marginal cost indicates predation.” Using Wright’s example, we can observe that even in a monopoly case, a nightclub might charge women a price below cost to increase the number of the women that attend the club. The increase in the number of women will attract more men and, thus, increase the overall profit. So a platform may charge a price below cost not because it wants to compete very aggressively against competitors, but because it is the optimal price structure. Other examples consist of dating websites like eHarmony. While a dating website is an example of a two-sided market, eHarmony is still charging the same price on both sides of the market. Charging different prices might be considered gender-pricing discrimination. In fact, Wright (2004) cites a case in which dating websites charged different prices on the two sides of the market but were sued based on gender-price discrimination. The results of this paper bring some empirical evidence in order to avoid such fallacies. Genakos and Valletti (2012) also have a short review of the recent literature related to the “waterbed effect” of the price structure in mobile telephony as a two-sided market. This study draws two important conclusions regarding regulating prices in two-sided markets. The first conclusion underlines the fact that two-sided markets are special markets, and, therefore, policy 5



makers should be more careful when they try to regulate such markets. The second conclusion is that prices in a competitive two-sided market might differ from the socially optimal prices and, like a one-sided market, might require more rather than less regulatory oversight. There are many proposed theoretical models for a two-sided market (Caillaud and Jullien_(2001); Caillaud and Jullien (2003); Rochet and Tirole (2003); Armstrong (2006); Hagiu (2006); Hagiu (2007); Hagiu (2009); Amelio and Jullien (2012)). For my study I adapt the model proposed by Armstrong (2006). The remainder of the paper is organized as follows. Section 2 presents the experimental design and includes the structure of the economic model and the experimental procedure. Section 3 presents the results of the experiment, and Section 4 concludes.



2. Experimental design 2.1 Model structure For this experiment, I adapt Armstrong’s (2006) monopolistic market model. Armstrong assumes that there are two types of agents, denoted as 1 and 2, and that each agent cares about the number of agents from the other group (𝑛𝑗 ). Each agent’s utility is: 𝑢𝑖 = 𝛼𝑖 ∙ 𝑛𝑗 − 𝑝𝑖 ,



𝑖, 𝑗 = 1,2 𝑎𝑛𝑑 𝑖 ≠ 𝑗,



(1)



where 𝑝𝑖 is the price that the platform charges each type of agent, and 𝛼𝑖 measures the benefit of agent i when she interacts with agent j. The platform’s profit is: 𝜋 = 𝑛1 (𝑝1 − 𝑓1 ) + 𝑛2 (𝑝2 − 𝑓2 ) − 𝑓𝑖𝑥𝑒𝑑 𝑐𝑜𝑠𝑡.



(2)



6



where 𝑓𝑖 is the cost per agent that platform has. In terms of utility, Armstrong (2006) assumes the following relationship between the number of agents on one side of the market and the utility that the agents get: 𝑛𝑖 = 𝜙𝑖 (𝑢𝑖 ) ,



(3)



where 𝜙𝑖 (𝑢𝑖 ) is some increasing function. For simplicity, in my experiment, I assume that 𝜙𝑖 (𝑢𝑖 ) = 𝑢𝑖 + 𝑑𝑖 , where 𝑑𝑖 is a constant. This constant allows for a positive number of agents in the model. Rewriting the demand functions described by (1) and (3) so they are not a function of the number of agents on the other side of the market, the equations that describe the demand functions (as a function of prices) are the following:



𝑛𝑖 =



𝑑𝑖 + 𝛼𝑖 ∙ 𝑑𝑗 1 𝛼𝑖 − ∙ 𝑝𝑖 − ∙𝑝 , 1 − 𝛼𝑖 ∙ 𝛼𝑗 1 − 𝛼𝑖 ∙ 𝛼𝑗 1 − 𝛼𝑖 ∙ 𝛼𝑗 𝑗



𝑖, 𝑗 = 1,2,



𝑖 ≠ 𝑗 . (4)



I impose restriction (1 − 𝛼𝑖 ∙ 𝛼𝑗 ) > 0 so that the demand is decreasing in 𝑝𝑖 . It is straightforward to calculate consumer surplus using the demand described by (4). Given this notation, for the model with no restrictions, the optimal prices as a function of the parameters of the model are:



𝑝𝑖∗ =



𝛼𝑗 ∙ 𝑑𝑗 − 𝛼𝑖 ∙ 𝑑𝑗 − 2 ∙ 𝑑𝑖 + 𝛼𝑗2 ∙ 𝑑𝑖 + 𝛼𝑖 ∙ 𝛼𝑗 ∙ 𝑑𝑖 𝛼𝑖2 + 2 ∙ 𝛼𝑖 ∙ 𝛼𝑗 + 𝛼𝑗2 − 4 +𝑓𝑗 ∙



𝛼𝑖2



𝛼𝑖 − 𝛼𝑗 , + 2 ∙ 𝛼𝑖 ∙ 𝛼𝑗 + 𝛼𝑗2 − 4



+ 𝑓𝑖 ∙



𝛼𝑖2 + 𝛼𝑖 ∙ 𝛼𝑗 − 2 + 𝛼𝑖2 + 2 ∙ 𝛼𝑖 ∙ 𝛼𝑗 + 𝛼𝑗2 − 4



𝑖, 𝑗 = 1,2,



𝑖≠𝑗.



(5)



Plugging the optimal prices into the demand functions, the number of agents that will join the platform at the equilibrium is equal to:
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𝑛𝑖 = −



2 ∙ 𝑑𝑖 + 𝛼𝑖 ∙ 𝑑𝑗 + 𝛼𝑗 ∙ 𝑑𝑗 2 + 𝑓𝑖 ∙ 2 + 2 2 𝛼𝑖 + 2 ∙ 𝛼𝑖 ∙ 𝛼𝑗 + 𝛼𝑗 − 4 𝛼𝑖 + 2 ∙ 𝛼𝑖 ∙ 𝛼𝑗 + 𝛼𝑗2 − 4



+𝑓𝑗 ∙



𝛼𝑖2



𝛼𝑖 + 𝛼𝑗 , + 2 ∙ 𝛼𝑖 ∙ 𝛼𝑗 + 𝛼𝑗2 − 4



𝑖, 𝑗 = 1,2,



𝑖 ≠ 𝑗.



(6)



Assume that at the optimal price, 𝑝1∗ < 𝑓1 , and the monopolist is not allowed to charge a price below cost. Then, the optimal prices are:



𝑝2∗ =



𝑝1∗ = 𝑓1



(7)



𝑑2 + 𝛼2 ∙ 𝑑1 𝑓2 𝛼2 ∙ 𝑓1 + − , 2 2 2



(8)



and the number of agents that will join the platform is equal to:



𝑛1 = −



2 ∙ 𝑑1 + 𝛼1 ∙ 𝑑2 − 𝛼1 ∙ 𝛼2 ∙ 𝑑1 2 − 𝛼1 ∙ 𝛼2 𝛼1 + 𝑓1 ∙ + 𝑓2 ∙ 2 ∙ (𝛼1 ∙ 𝛼2 − 1) 2 ∙ (𝛼1 ∙ 𝛼2 − 1) 2 ∙ (𝛼1 ∙ 𝛼2 − 1)



𝑛2 = −



𝑑2 + 𝛼2 ∙ 𝑑1 𝛼2 1 + 𝑓1 ∙ + 𝑓2 ∙ . 2 ∙ (𝛼1 ∙ 𝛼2 − 1) 2 ∙ (𝛼1 ∙ 𝛼2 − 1) 2 ∙ (𝛼1 ∙ 𝛼2 − 1)



(9)



(10)



For the situation in which the monopolist is not allowed to charge different prices for the two types of agents, the optimal prices are:



𝑝1∗ = 𝑝2∗ =



𝑑1 + 𝑑2 + 𝑓1 + 𝑓2 + 𝛼1 ∙ 𝑑2 + 𝛼2 ∙ 𝑑1 + 𝛼1 ∙ 𝑓1 + 𝛼2 ∙ 𝑓2 , 2 ∙ (𝛼1 + 𝛼2 + 2)



(11)



and the number of agents that will join the platform is equal to:



𝑛𝑖 =



𝑑𝑗 − 3 ∙ 𝑑𝑖 − 𝛼𝑖 ∙ 𝑑𝑖 − 2 ∙ 𝛼𝑖 ∙ 𝑑𝑗 − 𝛼𝑗 ∙ 𝑑𝑖 − 𝛼𝑖2 ∙ 𝑑𝑗 + 𝛼𝑖 ∙ 𝛼𝑗 ∙ 𝑑𝑖 − 2 ∙ 𝛼𝑖 ∙ 𝛼𝑗 ∙ 𝑑𝑗 2 ∙ (𝛼𝑖 ∙ 𝛼𝑗 − 1) ∙ (𝛼𝑖 + 𝛼𝑗 + 2)



+
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+𝑓𝑖 ∙



1 + 2 ∙ 𝛼𝑖 + 𝛼𝑖2 2 ∙ (𝛼𝑖 ∙ 𝛼𝑗 − 1) ∙ (𝛼𝑖 + 𝛼𝑗 + 2)



+ 𝑓𝑗 ∙



1 + 𝛼𝑖 + 𝛼𝑗 + 𝛼𝑖 ∙ 𝛼𝑗 2 ∙ (𝛼𝑖 ∙ 𝛼𝑗 − 1) ∙ (𝛼𝑖 + 𝛼𝑗 + 2)



, 𝑖, 𝑗 = 1,2, 𝑖 ≠ 𝑗. (12)



An important observation is that in a two-sided market, the social optimum price structure does not coincide with the unconstrained equilibrium prices. It is possible that by imposing a constraint to the monopolist the prices are pushed in the direction of the social optimal prices (this depends on the relative position of the social optimal prices to the equilibrium ones). However this effect will be just a pure coincidence if the policy maker does not take into consideration that there is a two-sided market. Moreover, the goal of this paper is not to show which policy is the best. The main goal of this paper is to show that policies that work in one-sided markets might not have the desired results when applied in a two-sided market, and this is related to Behringer and Filistrucchi’s (2015) statement that competition authorities and courts still apply one-sided logic to two-sided markets as well. 2.2 Experimental procedures The experiment has four treatments: 1) a treatment with no restrictions regarding the prices that a subject can charge (called Base); 2) a treatment in which the prices are not allowed to be below cost (Above Cost); 3) a treatment in which the monopolist is not allowed to charge the two types of agents different prices (Same price); and 4) a treatment in which there is an increase of the cost per agent that joins a platform (High Cost). There are three treatments in each session, and the order of the treatments is different from one session to another. Each treatment has 20 periods. The first ten periods are practice periods in order to give subjects the freedom to explore, with no cost, their payoff function, and only the last ten periods of each treatment are considered for payment. Moreover, in order to ensure that the subjects treat each period with the same amount of importance, only two of the last ten periods of each treatment are 9



randomly drawn for the final payment. The sum of profits for these periods is the subjects’ total experimental earnings. Before each treatment starts, subjects see on a screen the restrictions or changes, as compared to the previous treatment. For example, before the Same price treatment, the screen says: “For the next 20 periods, you must charge type A customers and type B customers the same price.” For each period, each subject owns a firm that is the only firm in the market, and no additional entry is allowed. The firm helps two types of agents (type A and type B customers) to interact. The customers are computer-simulated, and they decide if they want to join the business in order to interact with agents of the other type. Whether or not the consumers decide to join the business depends on the prices that the firm charges and the number of agents of the other type that join the business. Each subject must choose the prices to charge the two types of agents in each period. Given these prices and the parameters of the model, equation (4) gives the number of agents of each type that join the business. Plugging these results into equation (2), the calculator displays the profit for that period on the screen. At the end of each period, the subjects see a screen showing the prices that they charged, the number of each type of agent that joined their business and the profit that they made. The costs, the prices and the profit during the experiment are in francs. The profit is converted to US dollars and is paid to each subject at the end of the experiment at a rate of 350 francs to 1 USD. To help subjects keep track of this information, a history table with the results from each period is displayed on their decision screen. Figure 1 shows a screen shot of a subject’s decision screen after three periods.
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Figure 1. Subjects’ decision screen. For this experiment, the parameters of the model are equal to: Table 1. Values for the parameters of the model



Side A B



Parameters Alpha (α) Cost (f)2 Const. (d) 0.1 50 (90) 100 1.3 50 100



To ensure that the results of the experiment are due to cross-group externalities and the policies imposed in the market, the values for the cost per agent 𝑓𝑖 and the constant ��𝑖 are the 2



For the High Cost treatment, the cost on side A increases from 50 francs to 90 francs.
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same for both sides of the market. Table 2 presents the equilibrium prices and the equilibrium number of agents for each treatment. Table 2. The equilibrium prices, the equilibrium number of agents, total profit and total consumer surplus



Equilibrium Price Number of agents Profit TOTAL CS



Side A B A B



Base 25.0 125.0 83 83 4150 6018



Treatment Above Cost Same price 50.0 75.0 107.5 75.0 57 32 66 66 3795 2450 3301 2338



High Cost 61.5 101.5 44 56 1627 2203



The experiment was conducted at Purdue University during the spring semester of 2013 using 24 Purdue undergraduate students as subjects, in three sessions of eight students each. Each session lasted, on average, one hour and 15 minutes, and the average payment was approximately $25 per subject in each session. The program used to run the experiment was ZTree (Fischbacher, 2007). The order of treatments in each session is presented in Table 3. Table 3. Order of the treatment in each session Order of the treatments 1 2 3



I Base Above Cost Same price



Session II Above Cost Base High Cost



III Above Cost High Cost Base



Hypothesis 1. Even with no threat of new competitors, the price-cost margin for a monopoly platform is negative on one side of the market.
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This monopoly model highlights that if a platform sets a price below cost on one side of the market, this does not mean that the platform wants to drive the competitor out of the market or that the platform wants to create barriers to entry. The platform does not have a predatory pricing strategy, but by choosing a price below cost on that side of the market, the platform wants to attract more agents on that side of the market, which will bring even more agents to the other side. Thus, even with no threat of new competitors, a monopoly platform sets a price below cost on one side of the market. The agents on that side of the market will attract more agents of the other type, so the platform will be able to increase its profit on the other side and, thus, its overall profit. Moreover, in such a situation, the platform can have positive profit in both the short run and the long run. An interesting study about predatory pricing in two-side market is presented by Behringer and Filistrucchi (2015). They show how one-sided Areeda-Turner rule may lead to the wrong conclusion about a possible predatory strategy of a firm and extend the rule to a two-sided market. For the Base treatment, the predicted price for type A agents is 25 francs, while the cost per customer on that side is 50 francs. For the Cost increase treatment, the predicted price for type A agents is 61.5 francs, while the cost per customer on that side is 90 francs. Hypothesis 2. If the equilibrium price on one side of the market is below cost, and the monopolist is restricted to charging a price at or above cost, the total consumer surplus decreases. If the equilibrium price on one side of the market is below cost, and the monopolist is restricted to charging a price above cost, then there will be fewer agents on that side because of the price increase. The decrease in the number of agents on that side will lead to fewer agents on
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the other side also. Even if the monopolist decreases the price on the other side in order to maximize profit, the decrease in price does not compensate for the loss in consumer surplus. Overall, the consumer surplus decreases. In this experimental setting, the prediction is that there is a decrease of 45.1% in total consumer surplus from treatment Base to treatment Above Cost. Hypothesis 3. If the monopolist is restricted to charging the same price on both sides of the market, the total consumer surplus decreases. If a policy maker does not recognize a market as two-sided, she might force the platform to charge the same price for both types of agents if the service or good provided by the platform is the same for every agent. An example is dating websites. Wright (2004) cites an article from The San Diego Union Tribute stating that a group of lawyers filed a case against several California dating services and reached an agreement based on gender-pricing discrimination against men. The dating services had offered discounts for female costumers. A Wall Street Journal article (Gold and Reddy (2012)) reports that 138 businesses, such as nail salons in New York City, paid fines for violating a New York City law against gender-pricing discrimination. While nail salons are not classified as a two-sided market, dating websites are, and they are still required to follow gender-discrimination legislation. Websites like eHarmony.com and Match.com charge the same price to women and men. Imposing such restrictions, the prediction in this experimental environment is that the total consumer surplus decreases by 61.1%. Hypothesis 4. An increase in the cost per agent on one side of the market may decrease the price on the other side. In a one-sided market, an increase in cost induces an increase in price charged by the monopolist. In a two-sided market, an increase in the cost per agent on one side might induce an 14



increase in prices on both sides or an increase in price on that side and a decrease in price on the other side. In equilibrium, the change in price on one side due to a change in cost per agent on the other side is: 𝛼𝑖 − 𝛼𝑗 𝜕𝑝𝑖 = 2 . 𝜕𝑓𝑗 𝛼𝑖 + 2 ∙ 𝛼𝑖 ∙ 𝛼𝑗 + 𝛼𝑗2 − 4



(13)



Given the parameters in the model, 𝛼𝑖2 + 2 ∙ 𝛼𝑖 ∙ 𝛼𝑗 + 𝛼𝑗2 − 4 < 0, which implies that 𝜕𝑝𝑖 𝜕𝑓𝑗



𝜕𝑝



> 0 if 𝛼𝑖 − 𝛼𝑗 < 0 and 𝜕𝑓 𝑖 < 0 if 𝛼𝑖 − 𝛼𝑗 > 0. Depending on the side of the market to which 𝑗



it is applied, a tax on one side of the market has different effects on the price on the other side. In this experiment, the prediction is that an increase in cost for type A agents induces a decrease in price for type B agents by 23.5 francs, which means a 19% decrease.



3. Results As noted above, to encourage experimentation and help subjects investigate and better understand the relationship between the prices they charge and the profit they make, the first ten periods of each treatment were not considered for payment. Due to the lack of financial incentives for these first ten periods, the statistical tests presented in this section use data only from the last ten periods of each treatment. For better illustration, however, some graphs use the data for all 20 periods of a treatment. Result 1. Given strong cross-group externalities, a monopolist in a two-sided market charges a price blow cost on one side of the market.
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When the Base treatment is not the first treatment in the session, the average price charged to type A agents is below cost. The graphs in Figures 2 and 3 present the average prices charged in sessions 2 and 3, when the Base treatment was not the first treatment of the session. At the individual level, only two of the 16 total subjects in these two sessions did not charge type A agents a price below cost. Across three sessions, the average price charged to type A agents for the last ten periods was 43 francs, while the cost was 50 francs.
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Figure 2. Session 2 – Base treatment
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Session 3: Base treatment - no restrictions
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Figure 3. Session 3 – Base treatment Testing the assumptions of a Student’s t-test, Levene's robust test does not reject the null hypothesis of equal variances between different orders of the Base treatment within each of the three sessions. However, t-tests reject the null hypothesis of equal means between sessions 1 and 2 (p-value=0.003), and between sessions 1 and 3 (p-value=0.027). Because the sample population of the Base treatment in session 1 comes from a different distribution, I provide the results of a one-sample one-tailed t-test of the null-hypothesis mean price>cost (50 francs) for session 1 separately from sessions 2 and 3. For sessions 2 and 3, the null hypothesis is rejected (p-value=0.001), and the mean price charged to type A agents is 36.1 francs. This result supports hypothesis 1—i.e., a monopolist in a two-sided market with no threat of new entry charges a price below cost on one side of the market. On the other hand, a t-test rejects the null hypothesis that the mean price is equal to the optimal price of 25 francs (p-value=0.001). This deviation from the equilibrium might be explained by factors such as the lack of experience, or the complexity of the search process. There is a learning curve for most of the 17



subjects and the average price tends to converge towards the predicted price. This indicates that experience is a factor that can eliminate biases. However, even in session 3 where the Base treatment is the last one in the session the subjects still cannot reach the equilibrium price. The bias might be explained by the complexity of the search process. The subjects need to balance two prices in order to maximize the profit, which makes this process a two-dimensional one. When the searching process is only in one dimension (treatment Same price), the subjects are able to reach the predicted price in an earlier period of the treatment.
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Figure 4. Session 1 – Base treatment Session 1 was the only session that had a mean price above cost for type A agents and also the only session in which the Base treatment was the first treatment of the session. Figure 4 presents the average prices per period charged in session 1. The graph shows that, even with no 18



restriction prohibiting a price below cost, the subjects, on average, did not charge a price below cost, contrary to the model’s prediction. The null hypothesis mean price>cost (50 francs) is not rejected (p-value=0.86, degrees of freedom=7), and the mean price for type A agents is 56.6 francs. This can be explained by the subject’s lack of the experience. Another explanation might be the fact that charging a price below cost is a “thinking outside of the box” approach. The predatory pricing laws, most of the economic models, and common intuition show that a price below cost is not something legal or profitable. Subjects need to think outside of the box and realize that in this framing this strategy is desirable and not punished. When the treatment is run later in the session, removing a policy helps subjects to think outside of the box. Looking at the individual choices, only two of eight subjects charged a price below cost (50 francs):
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Figure 5. Session 1 – Prices for type A agents for each subject in the Base treatment Evaluating the deviation from the equilibrium in terms of payoffs, Figure 6 shows the profit loss for the Base treatment in all three sessions. Due to the fact that subjects do not charge prices below cost on side A, despite the fact that the optimal price is below cost, there is a bigger 19



profit loss for the first session. The profit loss decreases in the next two sessions, once subjects start to charge a price below cost, consistent with the equilibrium prediction.
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Figure 6. Average profit loss for Base treatment Result 2. A policy that restricts a monopolist to charging prices above cost reduces total consumer surplus. Figure 7a presents the average consumer surplus per period for the Base and Above Cost treatments for all three sessions.
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Average consumer surplus per period in Base and Above Cost treatments in all 3 sessions Average Consumer Surplus
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Figure 7a. Average consumer surplus per period for Base and Above Cost treatment
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Figure 7b. Average decrease in consumer surplus per period from Base to Above Cost treatment
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Session 33 has the highest mean price, at 58.8 francs, which is 6.8 francs above the mean price in session 1 and 3.5 francs above the mean price in session 2. Similar to the Base treatment, the Above Cost treatment has a higher mean price for type A agents for the sessions in which the Above Cost treatment is the first treatment. Thus, no matter what the second treatment is within a session, the subjects use their experience from the first treatment to charge prices closer to the predicted prices in the second treatment of the session. The t-test rejects the null hypothesis that the mean price is equal to the optimal price of 50 francs for session 1 (p-value=0.033) and sessions 2 and 3 (p-value=0.007). Differences from one session to another session are also observed in terms of the decrease in consumer surplus across treatments. For the first session, there is an average decrease of 16% in consumer surplus from the Base treatment to the Above Cost treatment. For sessions 2 and 3, the average decreases in consumer surplus are 35% and 36%, respectively. In terms of the average consumer surplus4, Welch's t-test rejects the null hypothesis of equal means between the Base treatment and the Above Cost treatment (p-value=0.001). A twosample Wilcoxon rank-sum test also rejects the null hypothesis of equal means between these two treatments (p-value=0.001). A policy that requires the prices to be above cost decreases total consumer surplus in this experimental environment by 30.2%. Table 4 shows the results of random effect model estimation using consumer surplus as the dependent variable. The coefficient for the variable Treatment is statistically significant at the 1% level, which indicates that the average consumer surplus decreases from the Base treatment 3



Levene's robust test rejects the null hypothesis of equal variances between prices for type A agents from sessions 1 and 2 (p-value=0.007), and from sessions 1 and 3 (p-value=0.009). Welch's t-test rejects the null hypothesis of equal price means of the Above Cost treatment (for type A agents) only between sessions 1 and 3 (p-value=0.12). 4 Levene's robust test rejects the null hypothesis of equal variances between the Base treatment and the Above Cost treatment (p-value=0.001).
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to the Above Cost treatment. The coefficient for the variable Order is statistically significant at the 10% level (p-value=0.051), which indicates that there is an increase in consumer surplus when the treatment is run later in the session. These results support Hypothesis 2, which states that consumer surplus decreases when a policy requires a price above cost. Table 4. The effects of imposing a policy that requires prices to be set above cost on consumer surplus. Random effect model estimates (clustered by session)



VARIABLES



Period within session



Treatment (dummy ; Above Cost=1) Order of the treatment within session Constant



(1) Consumer Surplus -32.48 (37.07) -2176.1*** (241.41) 1484.8* (760.8) -3,822*** (250.9)



Observations 480 Number of session 3 Standard errors in parentheses *** p


The observed decrease of 30.2% is less than the predicted decrease of 45.1%. The difference between the predicted value and the actual value is explained by the fact that the average prices in the Base treatment are not close to the predicted prices. For type A agents, the average price of 43 francs is below the cost of 50 francs, but it is still 18 francs above the 23



predicted price of 25 francs. On the other hand, for the Above Cost treatment, the average price for type A agents is 55.3 francs, just 5.3 francs above the predicted price. This means that the subjects were less able to attract an optimal number of agents under the Base treatment, which implies a lower consumer surplus than predicted and also a decrease in the difference between the consumer surpluses in the two treatments.
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Figure 8. Average profit loss in Base and Above Cost treatments Similar to consumer surplus, a small difference in profits that monopolists obtain is observed between the two treatments. Figure 8 shows the profit that an agent lost on average because the subject did not make the optimal choice for the two treatments. In the first session, when the Above Cost treatment is not the first treatment, the profit loss is insignificant. Once the order of treatments is reversed, the average percentage profit loss for the Base treatment is less than the average percentage profit loss for the Above Cost. Another observation is that subjects
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are able to increase the profit within sessions for the Above Cost treatment, while for the Base treatment, profit stays almost the same. Result 3. A policy that constrains a monopolist to charge the same price on both sides of the market reduces total consumer surplus.
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Figure 9. Session 1 – Same price treatment This treatment was a search problem in one dimension, so it was not difficult for the subjects to find the equilibrium price. As such, this treatment was included only in session 1. Figure 9 displays the average price charged by the subjects. The overall average price for the last ten periods is 74.9 francs, while the equilibrium price is 75 francs. A Student t-test does not reject the null hypothesis that the mean price for the Same Price treatment is equal to the equilibrium price (p-value=0.242). Regarding the average
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consumer surplus per period5, A Welch's t-test, which allows for unequal sample sizes, rejects the null hypothesis of equal consumer surplus means between the two treatments (pvalue=0.001).
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Figure 10a. Average consumer surplus for the Base and Same Price treatments6 The decrease in consumer surplus between these two treatments is 47.4%. This decreased can be observed in Figures 10a and 10b. This result supports Hypothesis 3, which states that a policy that imposes the same prices for both types of agents decreases consumer surplus. In the Same Price treatment, subjects choose the equilibrium price, which indicates that they maximize their profit under this treatment. Figure 11 supports this conclusion.
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Levene's robust test rejects the null hypothesis of equal variances between the Base treatment and the Same Price treatment (p-value=0.001). 6 For the Base treatment, the average consumer surplus in each period represents the average of the consumer surpluses from all three sessions for that particular period.
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Difference in consumer surplus
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Figure 10b. Difference in average consumer surplus per period between the Base and Same Price treatments7
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Figure 11. Average profit loss in Base and Same Price treatments
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For the Base treatment, the average consumer surplus in each period represents the average of the consumer surpluses from all three sessions for that particular period.
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Result 4. An increase in the cost per agent on one side of the market induces a decrease in the price charged to agents on the other side of the market. For this treatment, there are two important observations. First, the average price in the last ten periods charged to type B agents is 98.35 francs. This implies that there is a decrease in the price for type B agents compared to the price in the Base treatment, where the average was 108.25 francs. Second, the price charged to type A agents is always lower than the cost per agent on that side. Figures 12 and 13 present the prices charged in the High Cost treatment for the two sessions.
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Figure 12. Session 2 – High Cost treatment
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Session 3 : High Cost treatment - cost A increased to 90 120 100 Avg Price A
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Figure 13. Session 3 – High Cost treatment For the prices8 for type B agents, a Welch's t-test for unequal sample sizes rejects the null hypothesis of equal price means between the Base treatment and High Cost treatment (pvalue=0.022). The mean price for type B agents is lower in the High Cost treatment than in the Base treatment by 9.9 francs (9.1%). A two-sample Wilcoxon rank-sum test also rejects the null hypothesis of equal price means between the two treatments (p-value=0.01). This implies that a policy that increases the cost on one side of the market will decrease the price that the monopolist charges on the other side of the market. This result supports Hypothesis 4. With regard to the prices charged to type A agents, in the High Cost treatment, a onesample t-test does reject the null hypothesis that mean price>cost=90 francs (p-value=0.001).
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Levene's robust test rejects the null hypothesis of equal variances between the Base treatment and the High Cost treatment (p-value=0.02).
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However, the null hypothesis that mean price=predicted price is rejected (p-value=0.11). The mean price is 66.5 francs, while the predicted price is 61.5 francs. These results support Hypothesis 1, which states that a monopolist with no threat of new entry charges a price below cost on one side of the market. However, the subjects do not charge the optimal price. The difference between the optimal prices and the average prices on the two sides of the market is reflected in the profit loss. Figure 14 presents the average profit loss in percentage per each period in the two sessions.
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Figure 14. Average profit loss for High Cost treatment



4. Conclusion This paper presents the design and the results of an economic experiment that studies the price structure of a two-side market monopoly and the effects of different policies on price structure and total consumer surplus. Theoretical models in the relatively new literature on two30



sided markets show that the optimal price structure often differs from the optimal price structure in a one-sided market. I argue that this has important implications for policy makers. In this laboratory environment, the predicted price charged to agents on the side of the market that provides a strong demand externality to agents on the other side is only one half of the per-agent cost for that type of agents. While a naïve policy maker might view this as a predatory pricing strategy, results 1 and 4 from the experiment show that the majority of monopolists charged a price below cost even if they did not face the threat of new competitors. However, contrary to the model’s prediction, some subjects did not charge a price below cost under the Base treatment. The only case in which subjects charged an average price above cost, despite the optimal price being below cost, was the one in which the treatment with no restriction on price setting occurred before a treatment that imposed such a restriction. This might have been due to a lack of experience on the part of the subjects. Also, the fact that there was initially no constraint on price setting prior to the Base treatment in session 1 may explain why subjects did not charge a price below the cost per agent, close to the optimal price. This implies that platforms with inexperienced managers might not charge the optimal prices if there is no initial regulation in the market. On the other hand, if there were an initial regulation, prices would tend to move toward the optimal level if the regulation were removed. If the goal of a policy maker is to help platforms charge the optimal price, a good strategy might be to impose a price regulation for a short time period and then remove it. A policy that requires the monopolist to charge a price above cost leads to a decrease in total consumer surplus, as does a policy that imposes the same price for both types of agents. The decreases in consumer surplus are not as large as predicted, but there is still a statistically
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significant difference in means. Furthermore, a tax that leads to an increase in the cost per agent for type A agents—contrary to the effect in a one-sided market—decreases the price for type B agents. The goal of this paper is to offer empirical evidence that will help policy makers to improve the regulations implemented in two-sided markets. The results show that two-sided markets have counterintuitive properties and suggest that policy makers should consider the type of the market examined—i.e., one-sided or two-sided—in devising policies. Policies designed with one-sided markets in mind might not have the desired effects in a two-sided market.
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