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Abstract: 
List-pricing and discounting is a common practice in retail and wholesale markets. Under this 
pricing mechanism, a posted list price is offered to sellers in a prior stage which can then de 
discounted at a later in a second stage. The practice of list pricing and discounting is viewed as 
collusive theoretically, however, its interpretation amongst competition authorities varies from 
being pro-competitive to being a collusion facilitating device. We experimentally test how list 
pricing and discounting impact prices in a capacity constrained Bertrand-Edgeworth duopoly with 
symmetric and asymmetric firms. We find evidence of collusion under list pricing and discounting 
with symmetric as well as with asymmetric firms relative to a baseline case without the discounting 
stage. 
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1. Introduction 

List pricing, accompanied with discounts at a later stage, is a common pricing practice in 

many industries (retail, real estate2, pharmaceuticals3, airplane manufacturers, service industry etc.). 

It is also common for retail firms, Ikea and Amazon are two examples, to post a list price which 

then be discounted at a later stage. List prices indicate firm commitment to a price for a given 

period of time. They can be lowered through offering of discounts as uniform discounts to all 

consumers or through bargaining. It is interesting to note that the U.S. Department of Justice 

potentially views it as a possible collusion facilitating device.4 The FTC is of the opinion that list 

prices can provide a means of reaching consensus and observing prices thus facilitating 

coordinated action.5 Harrington (2011), meanwhile, argues that the adoption of posted pricing 

communicates the necessary intent and reliance to conclude concerted action. Finally, Judge 

Posner has also discussed the role of list prices versus transaction prices in the High Fructose Corn 

Syrup matter (295F.3d 651: 2002 U.S. App.). He noted that even if most customers do not pay list 

prices, list prices may have an impact on transaction prices and thus fixing list prices may influence 

competition. The empirical relevance of this type of pricing behavior in concentrated industries 

with a single dominant firm is shown in Sorgard (1997). The general consensus seems to be that 

list-prices can potentially lead to increased prices. 

There has been theoretical research that involves models assuming sequential timing of 

firm moves. This approach is followed in Shubik and Levitan (1980), Deneckere and Kovenock 

(1992), and Canoy (1996), among others. Meanwhile, García-Díaz, Hernán-González and Kujal 

(2009) provide an alternative to the sequential timing hypothesis by studying a natural extension 

of a Bertrand–Edgeworth model for which pure strategy equilibrium always exists. They study list-

pricing and discounting when firms are (even marginally) asymmetric (García-Díaz, Hernán-

González and Kujal, 2009). Their result is similar to what is obtained in Deneckre and Kovenock 

(1992) in a sequential framework with commitment. Both approaches find similar results in that 

the pricing institution they study (price leadership or list prices) act as a facilitating collusion device 

between the firms. 

                                                           
2 https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1540-6229.2010.00279.x 
3 https://www.arnoldporter.com/en/perspectives/publications/2015/12/the-cma-takes-another-look-at-discounts, 

https://jamanetwork.com/journals/jamanetworkopen/article-abstract/2757480, 

https://jamanetwork.com/journals/jama/article-abstract/2762310 

4 Of special interest are practices where list pricing, and discounting, information is shared among firms. See, for 

example, the information exchange program studied by the U.S. Department of Justice with respect to publishing 

list price information, as proposed by the accounting firm HIOB (at 

http://www.usdoj.gov/atr/public/busreview/211191.htm). 
5 “LP&D might provide a means of reaching consensus on prices thus facilitating coordinated actions” in 

(Scheffman and Coleman, 2003). 

https://www.arnoldporter.com/en/perspectives/publications/2015/12/the-cma-takes-another-look-at-discounts
https://jamanetwork.com/journals/jamanetworkopen/article-abstract/2757480
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One of problems that we face as regards such pricing practices and their subsequent impact 

on prices is the scarcity of information on costs, production, and transaction prices. Even with 

reliable data at hand, too many factors may change to allow for a clean "natural experiment". For 

example, a change in the pricing institution might simultaneously change the market structure (i.e. 

number of competitors, concentration, industry capacity- and product heterogeneity, among other 

effects). Any, or a combination, of these effects might affect market performance, therefore, the 

use of experimental methods to isolate the effects of alternative pricing institutions becomes of 

increased importance and their use becomes important to gain insights into individual behaviour. 

In this paper we experimentally study the effect of list pricing and discounting on prices 

and collusive behaviour. The goal of our experiments is not to test any theoretical model. We study 

the effect of list-prices and the introduction of a discounting stage on overall prices with efficient 

demand in an indefinitely repeated game (that can potentially result in many equilibria). We chose 

this approach as the indefinitely repeated approach better suits what occurs in real world industries 

where individuals have repeated interaction over an indefinite time frame6. We also feel that a finite 

repeated experiment would result in similar outcomes as the experimental evidence indicates that 

cooperative outcomes are achieved even in one-shot (experimental) interactions7. 

We look at both symmetric and asymmetric Bertrand-Edgeworth duopolies. In our 

baseline experiments (Baseline-1 and -2) we look at the standard Bertrand-Edgeworth duopoly 

where firms post prices. We then extend this to allow for an additional pricing stage where firms 

can only discount on the posted price. We study both the symmetric and asymmetric cases. In the 

asymmetric case we keep the same marginal costs and firms only differ in their capacities. 

 

2. Experiment procedure 

    Experiments were run at the Economic Science Institute, Chapman University. Participants 

were recruited by email from a pool of more than 2,000 students who had previously signed up 

for economic experiments. Emails were sent to a randomly selected subset of the pool of students. 

In total, 78 students participated in 36 duopoly experiments. The experiments Baseline 

experiments lasted 1 hour while the list-pricing and discounting experiments lasted for 90 minutes. 

       The instructions were displayed on subjects' computer screens, and they were told that all 

screens displayed the same set of instructions. They had exactly 20 minutes to read the instructions 

(see Appendix) with the timer being displayed on the screen. Three minutes before the end of the 

                                                           
6 Some fixed match quantity setting experiments are justified on this basis (see for example, page 438, fn. 8, in Huck, 
Normann and Oechssler, 2004). They argue in favour of fixed matches and state that there is no rematching in real 
industries. 
7 A good example is the cooperative outcomes obtained in the one-shot prisoner’s dilemma experiments. 
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instructions period, a monitor entered into the room announcing the time remaining and handing 

out a printed copy of the summary of the instructions. None of the participants asked for extra 

time to read the instructions. At the end of the 20-minute instruction round, the experimenter 

closed the instructions file from the server, and subjects typed their names to start the experiment. 

The interaction between the experimenter and the participants was negligible. Average payoffs 

(including the show-up fee) varied from a low of $15.28 (symmetric baseline) to a high of $17.60 

(asymmetric list price and discounting treatment). 

 

3. Experimental Design 

As mentioned earlier, our experiments are not a test of a specific theoretical model. We 

use the standard capacity constrained framework, with efficient demand, to study the impact of 

list pricing and discounting on final prices. We run fixed pair duopolies that can be symmetric, or 

asymmetric, in their capacities. Keeping the aggregate capacities the same, the asymmetric design 

is obtained by simply redistributing capacity from one firm to another. In our main treatments, 

firms can announce a listed price in the first stage that can then only be discounted in the second 

stage. We check for whether the practice of list pricing with subsequent discounts results in 

significantly higher prices over the baseline experiments. As is standard practise in these 

experiments consumers are automated and accept any trade that gives them a surplus of zero or 

greater. 

Capacity constrained sellers offer homogeneous products. In the benchmark case 

(standard Bertrand-Edgeworth duopoly) in each period a seller chooses price and consumers are 

first allocated to the seller with the lowest price according to a proportional rule and its capacity 

constraint. The remaining consumers are allocated to the seller with the highest price. In the 

Bertrand-Edgeworth duopoly with list pricing and a subsequent discounting stage, sellers first 

simultaneously choose the list prices and in the second stage they simultaneously choose the prices 

at which they sell their goods. Consumers are allocated according to the proportional rationing 

rule. The horizon is indefinite, and the history is common knowledge. Section 2.1 provides a 

detailed description of the setting. The various treatments to be run are described in Section 2.2, 

and the procedures deployed in conducting the experiments are summarized in Section 2.3. 

 

3.1. Environment 

    The experiment consists of a multi-period posted offer market with fixed matching. Participants 

are told that the experiment will last for at least 50 periods after which there is a 80% chance of 
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continuation to each subsequent period.8 Sellers are told that a random draw determines this 

outcome. Sellers offer identical products and face market demand P(Q)=100-Q, and are informed 

that the buyers are simulated.9 

       Each seller's cost function is, Ci(q)=cq, for i=1,2,...n, with c being the constant marginal cost 

for each unit sold and q the quantity sold. There is common knowledge of demand and supply 

parameters (including capacity constraints). In all treatments, total industry capacity for a duopoly 

is fixed at 80 units, while the allocation of the units across sellers varies. For example, for the 

uniform case, a firm, i’s, capacity is ki (=40) and marginal cost ci (=10) ∀i. The market demand and 

the industry cost curve are depicted in Figure 1. 

 

Figure 1. 

 

  

 

 

 

 

        

 

 

 

 

 

In each period, subjects simultaneously choose a price at which goods are to be sold. 

Subjects have 60 seconds to select a price. If a subject chose not to post an offer then she earns 

zero profits for that period. Once subjects post their price, the market clears using computerized 

buyers buying first from the lowest posted price, and then from the seller with the second lowest 

price according to the proportional rationing rule. The proportional rationing rule is implemented 

according to the following specification of the residual demand, 𝑅(𝑝𝑖, 𝑝𝑗, 𝑘𝑗), 

𝑅(𝑝𝑖, 𝑝𝑗, 𝑘𝑗) = max {𝐷(𝑝𝑖) (1 −
𝑘𝑗

𝐷(𝑝𝑗)
) , 0}     (1) 

                                                           
8 The shortest experiment ran for 50 periods while the longest lasted for 58 periods. 
9 There are then 100 computerized buyers with one buyer with a valuation of 100, one with a valuation of 99, and so forth. 
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 Where 𝑝𝑖 is the price and  𝑘𝑖 is the capacity of firm i. Sellers only incur costs for units sold. 

A subject's total number of units produced and sold is indicated by their residual demand. Thus, 

according to equation (1), the demand of firm i at price pi is reduced by a fraction determined by 

the unsatisfied demand of firm j due to the capacity constraint. 

       At the end of each period each subject is informed about the price offer of the other subjects, 

as well as all units sold and profit earned. Subjects can also review the entire history at any point 

in time. In addition, subjects are provided with a profit calculator where they can input price offers 

for all sellers and learn the resulting profits. Subjects are informed that: "The profit calculator allows 

you to estimate your (and others) profits. To do so you can input your price and make guesses for the other sellers.” 

The calculator allows them to try various combinations of price and quantity offers and see how 

it affects their profits. 

 

3.2. Treatments 

As mentioned earlier, our interest is to see whether the introduction of the list pricing and 

discounting institution leads to higher prices on average. Though only applicable to our baseline, 

from Theorem 1 in Deneckere and Kovenock (1992), we know that the support of the mixed 

strategy in the baseline will be the Edgeworth price, pi
E, and the monopoly price, pm, where: 

 

𝑝𝑖
𝐸 = 𝑚𝑖𝑛 {𝑝: min(𝐷(𝑝), 𝑘𝑗) (𝑝 − 𝑐𝑗) = max

𝑥∈[𝑝−𝑝𝑗
𝐿]

𝑅(𝑥, 𝑝, 𝑘𝑖)(𝑥 − 𝑐𝑗)}.                    (2) 

 

Demand is allocated in all treatments using the proportional rationing rule. The mechanism for 

allocation of units is efficient where the low-price firm sells first, and the higher price firm sells to 

the residual demand. We run the following experiments. 

 
 

Baseline: The Baseline experiments are run with both symmetric and asymmetric capacities. In 

the symmetric baseline case (denoted by BS) firms post prices given cost and capacities. Firms 

simultaneously post price offers, pi
D, and have identical costs and capacity, ki=40, ci=10 ∀i=1,2, 

with total capacity of 80 units for all market structures. The pricing equilibrium in the one-stage 

game is in mixed-strategies. According to Deneckre and Kovenock (1992), theorem 1, the support 

is the monopoly and the Edgeworth price, (pi
E, pm). 

Symmetric treatment (BS): Each firm has capacity and cost: ki=40 and cost ci=10, 

∀i=1,2. 
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Asymmetric treatment (BA): The small firm now has capacity ki=50>kj=30, and ci=10, 

∀i=1,2. 

List Prices and Discounts: As before the aggregate capacity in the market is (for all market 

structures) 80 units. In the first (Symmetric) and second (Asymmetric) treatment a two-stage 

pricing game (LP) is implemented. Firms can post list prices, pi
L, i=1,2, in the first stage and these 

can then potentially be discounted, pi
D, i=1,2, in the second stage. We denote by pi

L the list price 

announced by firm i, pi
D the discount price set by firm i. 

 

List pricing-Symmetric treatment (LPS): Each firm has capacity and cost: ki=40 and 

cost ci=10, ∀ i=1,2. 

 

List pricing-Asymmetric treatment (LPA): The smallest firm i has capacity 

ki=50>kj=30, and ci=10, ∀ i=1,2. 

 

4. Results 

Recall that the length of the horizon is 50 periods with certainty and is then stochastically 

terminated. We report results only for the first 50 periods, periods 1-25 and 26-50. 

 

4.1 Symmetric Case: Baseline and List Price with Discounting  

All analysis is conducted with sales weighted prices. We first look at the pricing behavior of 

duopolies under the symmetric capacity experiments. For the baseline, symmetric case, Table 1 

reports the average and median market price, and the standard deviation. We find that the average 

and median market prices are 32.9 and 32.2, respectively; for periods 1-25. These are also higher 

than the theoretical competitive equilibrium price of 20 for periods 26-50, as well as from periods 

1-50. In all cases prices are below the theoretical monopoly equilibrium price (55). Conducting a 

t-test for the hypothesis that average market price exceeds a price of 20, is not rejected.10  

Now we look at average prices for the symmetric list pricing and discounting (LPS) case 

(Table 1). We find that average market prices are significantly higher than what is observed in the 

baseline experiments.11 We observe an average price of 38.54 over periods 1-25; 41.55 over periods 

26-50; and 40.04 for periods 1-50 (around 17-24 percent higher than the BS case). This suggests 

that the practice of list pricing and discounting encourages tacit collusive behaviour. Price 

                                                           
10 A t>82 and a p-value of 0.000 is found for all periods. Similar results are found for all subperiods considered. See 
the appendix for more details. 
11 A t>24 and a p-value of 0.000 is found for periods 25-50 on the differences in mean price between BS and LPS 
cases. Similar results are found for all subperiods considered. See the appendix for more details. 
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dispersion, measured by the standard deviation and coefficient of variation, is higher under list 

pricing with discounting, which may reflect that price coordination is hard to reach and noisy. 

When looking together at the mean and volatility of prices, the evidence suggests a stronger 

collusive behaviour in (later) periods 26-50 (higher prices and same coefficient of variation), which 

may reflect the fact that duopolists learn how to play or coordinate prices during the first 25 

periods and thus reach higher prices over the remaining periods. That is why we would pay special 

attention to the analysis of periods 25-50 in what follows.    

 

Table 1 

 

 

Figure 2 shows the average and median prices over all groups of players for each period. 

The horizontal lines indicate the Edgeworth and monopoly prices. Compared with the baseline, 

average prices under list pricing with discounting are relatively higher. Interestingly, price volatility 

is also higher under list pricing with discounting and, in addition to what was discussed before in 

table 1, it can be noticed that the volatility of prices changes over the first and second halves. This 

could reflect the difficulty in coordinating on prices. Furthermore, the third panel in figure 2 shows 

that the price dispersion is increasing during the first 25 periods, and decreasing after that, 

suggesting some learning. 

Figure 3 provides the nonparametric estimates of the density and distributions of 

equilibrium market prices for the baseline as well as for the lisp price and discounting symmetric 
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cases. The first panel shows that density of prices has a peak around 30 for the symmetric baseline 

case, while the peak is closer to 40 for the symmetric case with list pricing and discounting which 

whole density is shifted to the right. Putting together the two density functions and the list prices, 

it can be seen that, first, the list prices distribution stochastically dominates (in first order 

stochastics dominance -FOSD- sense) the other two distribution functions; and second the 

distribution of equilibrium prices under list pricing and discounting stochastically dominates the 

distribution of equilibrium prices in the symmetric baseline. Based on the distribution functions 

on the bottom panel, a formal first order stochastic dominance Kolmogorov Smirnov test was 

performed which confirms this finding. 12 

 

Figure 2 

 

 

While we have already established that the practice of list pricing and discounting result in 

higher average prices, we want to now see whether this reflects in tacitly collusive behaviour of 

firms? For this we will now look at various measures of price coordination. We construct and 

evaluate two measures, Same and Duration, of coordination used in Harrington, Hernan and Kujal 

                                                           
12 See appendix for more details. The largest difference between the distribution functions of baseline symmetric 
prices and list price symmetric case is 0.445. The approximate asymptotic p-value for this is 0.000, which is significant. 
The combined K-S involves a null hypothesis that the two distributions are equal. Since the approximate asymptotic 
p-value for the combined test is 0.000, the null hypothesis is rejected. Other tests, such as the Somers´s test, were 
performed with similar results to the Kolmogorov Smirnov test. Similar results are obtained when looking at FOSD 
of the distributions (BS vs announced LP, LP vs announced LP).  
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(2016). The Same index measures the number of periods for which sellers set the same price and 

the Duration index reports the longest number of consecutive periods for which sellers set 

identical prices. If sellers achieve high average prices and report high values of Same and Duration 

indexes, this would provide some evidence that they are colluding. If sellers achieve a high average 

price and low measures of coordination than it could either be that firms are not colluding or are 

colluding in a different manner that is not captured by these indices. 

 

Figure 3 
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      Table 2 contains information about the two indices of price coordination, Same and Duration. 

We provide information in two formats for both indices, i.e. the first column for each measure, 

i.e. Same and Duration, provides the index when the price is exactly the same. The next two columns 

provide the index when the prices differ in no more than 5 or 10%. 

Looking at the Same index for the symmetric case (second column, Table 2) we see that, 

compared with the baseline, for both, periods 1-25 and 1-50, price coordination decreases under 

list price and discounting. For instance, for periods 1-25, the frequency of identical prices declines 

from 12.4% (3.1 out of 25 periods) to 5.2% (1.3 out of 25 periods). However, when making this 

comparison for periods 26-50, we observe an increase in the coordination frequency from 0.9 

(3.6%) to 2 (8%) in table 2). This measure increases for the 5% measures, 4.6 to 5.0, while it 

decreases for the 10% measure (11.1 to 8). As mentioned before, during periods 26-50 agents have 

already learnt how to play this game, we think we should pay special attention to this result 

suggesting possible collusion.  

 

Table 2 

 

 

      Now we look at Duration measure for price coordination. The fifth column (table 2) indicates 

the longest number of consecutive periods in which firms set exactly the same price decreases under 

list price and discounting with respect to the baseline case for periods 1-25 and 1-50. Looking at 

periods 1-50, the average maximal number of consecutive periods for which firms set the same 

price declines from 1.5 to 1.3 periods. The same tendency is observed when prices differ in no 

more than 5% and 10%, respectively. Again, there is no clear evidence that firms are colluding in 

this sense. However, the exception again appears when making this comparison for periods 26-50 
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when prices are exactly the same or do not differ in more than 5%. In this case we observe an 

increase in the duration from 0.8 to 1.0 and from 1.5 to 2.1, respectively, suggesting collusion. 

Figure 4 plots the average market price versus the Same index in the first panel on the left, 

as well as the standard deviation of profits versus average profits in the panel on the right. In both 

cases, the indices correspond to the benchmark symmetric case and the list prices and discounting 

case for each group of matched duopolists. In the left panel, collusion would be associated with 

the northeast quadrant where prices and coordination measured by the Same index take higher 

values. We can see that, under list prices and discounting, prices as well as coordination tend to be 

higher relative to the benchmark baseline experiments (firms are setting higher prices for longer 

periods). In particular, there are three groups of firms showing higher average values of both 

indicators relative to the benchmark case.  

In the right panel collusion would be associated with the northwest quadrant where 

industry profit would be high and correlated with low price dispersion. The results indicate that 

average industry profits increase for list price and discounting but there is no evidence of more 

stable profits relative to the baseline. Instead, list price and discounting is associated with higher 

and more variable profit.13 In sum, we find evidence suggesting tacit collusion resulting in higher 

prices but, coordination is noisy and might be organized in a non-trivial way, for instance, taking 

turns to increase prices. Regardless, higher prices are observed under the list-pricing and 

discounting institution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
13 In the appendix there is a sample of groups of players in which one can observe the announced list prices, and 

the discount prices. 
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Figure 4 

 

 

 

4.2 Asymmetric case: Baseline and List Price with Discounting 

    In this section we analyse the results for the asymmetric, baseline and list pricing with 

discounting, when firms are asymmetric in capacity constraints and symmetric in marginal costs. 

For the baseline-asymmetric case Table 1 reports the average market price and the median market 

price that are 41.1 and 40, respectively; for periods 1-25. This is an interesting result as it has been 

seen in experimental quantity setting markets that cost asymmetries result in more competitive 

behavior (Mason, Philips and Nowell, 1992), we, however, fins that under capacity asymmetry 

prices are significantly higher than the prices reported for the baseline symmetric case. The 

intuition from Fonseca and Normann (2008), when the capacities are simply redistributed, can be 

applied here for the baseline case. The largest firm can now unilaterally charge a higher price on 

the residual and this will consequently increase the average weighted static Nash equilibrium prices 

of the static game while reducing the minimum discount factor for collusion resulting in higher 

profits for all firms.  

Additionally, these prices are only slightly lower than the prices reported when there is list pricing 

and discounting with asymmetric firms. The same pattern is present when analysing the prices for 

periods 26-50 as well as in periods 1-50. This result suggests that capacity asymmetries for 

homogenous goods may in fact result in more anti-competitive behavior. 

In all cases equilibrium prices under LPA are higher than under baseline-asymmetric (BA). 

lying between the competitive price (20) and the monopoly price (55). Additionally, price 

dispersion, measured by the standard deviation and coefficient of variation, is lower only during 

the last twenty five periods (26-50) under list pricing with discounting, which may reflect price 
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coordination. Additionally, from Figure 6 one can see that average and median prices tend to be 

higher for LPA but the difference decreases in period 26-50. It can also be noticed how price 

dispersion decreases in period 26-50 relative to period 1-25 when comparing list price with 

discounting and the benchmark case. This could, again, be an indicator of increased coordination. 

 

Figure 6 
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It is also important that we compare the average prices for the small and large firm in the 

asymmetric list-pricing case. It could be that (as suggested by Garcia et al, 2012) the smaller firm 

chooses the Edgeworth price leaving the larger firm to monopoly price on the residual demand.  

The lower panel of Figure 6 shows the evolution of prices by capacity constraints. One 

can see that, looking at average prices in the baseline case, the prices set by firms with higher 

capacity are in general higher than the prices set by firms with small capacity. The same happens 

when looking at the LPA treatment during periods 26-50 (once agents have learned how to play 

the game). Similar behaviour is present when we focus on median prices. 

Figure 7 describes the density functions for both cases, the asymmetric baseline case (ba) 

and the asymmetric case with list pricing and discounting (lpa), which are quite similar. Also the 

announced list prices (annlp) are described, which stochastically dominates the other two density 

functions. 
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Figure 7 

 

 

 

Figure 8 displays the density functions of prices for BA and LPA, discriminating firms by 

capacity constraints. It can be noticed that the prices set by firms with higher capacity tend to be 

higher than the prices of firms with small capacity. The same happens when looking at the case of 

list pricing and discounting, as explained when describing the graphs at the bottom of Figure 6. 

Here we show that the density function of prices of big firms tend to be shifted toward the right 

relative the ones for small firms. 
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Figure 8 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 indicates the measures of Same and Duration, as well as other variants of them, 

previously explained. The results indicate that for periods 1-25, the frequency of identical prices 

increases from 3.5% of periods to 4.3%. Similar pattern is present when comparing periods 26-50 

and 1-50, in which the frequency of identical prices increases from 4% and 7.5% to 7% and 11%, 

respectively. The same occurs when firms set prices that differ in less than 5% and 10% 

       When looking at the Duration measure of price coordination, the evidence indicates that firms 

are coordinating prices. If we focus on periods 1-50, the average maximal number of consecutive 

periods for which firms set the same price goes from 1.4 to 1.6 periods, and similar pattern is 

found with respect to the other measures of Duration. 
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       The two panels of figure 9 presents the average market price versus the Same, as well as the 

relationship between the standard deviation of profits and average profits, in both cases for the 

benchmark case and for the case with list prices with discounting for each group of agents. We 

can see that there are two groups of agents in the north east quadrant which, under list prices with 

discounting, document higher values for the average prices as well as for the coordination index 

Same relative to the benchmark case. This evidence is suggesting that firms are setting higher prices 

for longer periods, which indicates more coordination under list pricing and discounting with 

asymmetric firms. On the other hand, the second panel shows that the average profits are higher 

but more volatile under list pricing with discounting. 

Figure 9 

 

 

 

In sum, the evidence supporting collusion under list price with discounting in the duopoly 

asymmetric case is weaker than in the symmetric duopoly case. 
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5. Conclusion 

The current paper develops and conducts experiments to study duopoly behavior in a Bertrand- 

Edgeworth multiperiod context with sequential stages of list pricing and discounting within each 

period. In this context the paper test whether list pricing and discounting is a competition 

enhancing practice or a (tacitly) collusive one. The results indicate evidence of collusion under list 

pricing and discounting with symmetric as well as with asymmetric firms relative to a baseline case 

without the discounting stage. It also suggests that pricing coordination is noisy and it is hard to 

find a clear dynamic mechanism by which firms synchronize pricing by analyzing the time series 

of price postings.  
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Appendix 
Tests 

Testing Baseline Symmetric Prices are different from competitive Price 

 

Testing LPS are highers than BS prices. 

 

Testing First Order Stochastic Dominance between BS and LPS prices. 
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Impulse Response Functions 
  



22 
 

 

 

  

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DP1 to G2_DP1

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DP1 to G2_DP2

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DP1 to G2_DA1

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DP1 to G2_DA2

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DP2 to G2_DP1

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DP2 to G2_DP2

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DP2 to G2_DA1

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DP2 to G2_DA2

-6 0

-4 0

-2 0

0

2 0

4 0

6 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DA1 to G2_DP1

-6 0

-4 0

-2 0

0

2 0

4 0

6 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DA1 to G2_DP2

-6 0

-4 0

-2 0

0

2 0

4 0

6 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DA1 to G2_DA1

-6 0

-4 0

-2 0

0

2 0

4 0

6 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DA1 to G2_DA2

-2 0

-1 0

0

1 0

2 0

3 0

4 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DA2 to G2_DP1

-2 0

-1 0

0

1 0

2 0

3 0

4 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DA2 to G2_DP2

-2 0

-1 0

0

1 0

2 0

3 0

4 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DA2 to G2_DA1

-2 0

-1 0

0

1 0

2 0

3 0

4 0

1 2 3 4 5 6 7 8 9 1 0

Response of G2_DA2 to G2_DA2

Response to One S.D. Innovations ± 2 S.E.



23 
 

 

  

-6

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DP1 to G3_DP1

-6

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DP1 to G3_DP2

-6

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DP1 to G3_DA1

-6

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DP1 to G3_DA2

-6

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DP2 to G3_DP1

-6

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DP2 to G3_DP2

-6

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DP2 to G3_DA1

-6

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DP2 to G3_DA2

-6

-4

-2

0

2

4

6

8

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DA1 to G3_DP1

-6

-4

-2

0

2

4

6

8

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DA1 to G3_DP2

-6

-4

-2

0

2

4

6

8

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DA1 to G3_DA1

-6

-4

-2

0

2

4

6

8

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DA1 to G3_DA2

-1 5

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DA2 to G3_DP1

-1 5

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DA2 to G3_DP2

-1 5

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DA2 to G3_DA1

-1 5

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G3_DA2 to G3_DA2

Response to One S.D. Innovations ± 2 S.E.

-4

-2

0

2

4

1 2 3 4 5 6 7 8 9 10

Response of G3_DP1 to G3_DA1

-4

-2

0

2

4

1 2 3 4 5 6 7 8 9 10

Response of G3_DP1 to G3_DA2

-6

-4

-2

0

2

4

1 2 3 4 5 6 7 8 9 10

Response of G3_DP2 to G3_DA1

-6

-4

-2

0

2

4

1 2 3 4 5 6 7 8 9 10

Response of G3_DP2 to G3_DA2

Response to One S.D. Innovations ± 2 S.E.



24 
 

  

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DP1 to G4_DP1

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DP1 to G4_DP2

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DP1 to G4_DA1

-4

-2

0

2

4

6

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DP1 to G4_DA2

-8

-4

0

4

8

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DP2 to G4_DP1

-8

-4

0

4

8

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DP2 to G4_DP2

-8

-4

0

4

8

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DP2 to G4_DA1

-8

-4

0

4

8

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DP2 to G4_DA2

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DA1 to G4_DP1

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DA1 to G4_DP2

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DA1 to G4_DA1

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DA1 to G4_DA2

-1 0

-5

0

5

1 0

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DA2 to G4_DP1

-1 0

-5

0

5

1 0

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DA2 to G4_DP2

-1 0

-5

0

5

1 0

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DA2 to G4_DA1

-1 0

-5

0

5

1 0

1 2 3 4 5 6 7 8 9 1 0

Response of G4_DA2 to G4_DA2

Response to One S.D. Innovations ± 2 S.E.



25 
 

  

-8 0

-4 0

0

4 0

8 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DP1 to G5_DP1

-8 0

-4 0

0

4 0

8 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DP1 to G5_DP2

-8 0

-4 0

0

4 0

8 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DP1 to G5_DA1

-8 0

-4 0

0

4 0

8 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DP1 to G5_DA2

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DP2 to G5_DP1

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DP2 to G5_DP2

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DP2 to G5_DA1

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DP2 to G5_DA2

-1 0 0

-5 0

0

5 0

1 0 0

1 5 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DA1 to G5_DP1

-1 0 0

-5 0

0

5 0

1 0 0

1 5 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DA1 to G5_DP2

-1 0 0

-5 0

0

5 0

1 0 0

1 5 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DA1 to G5_DA1

-1 0 0

-5 0

0

5 0

1 0 0

1 5 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DA1 to G5_DA2

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DA2 to G5_DP1

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DA2 to G5_DP2

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DA2 to G5_DA1

-3 0

-2 0

-1 0

0

1 0

2 0

3 0

1 2 3 4 5 6 7 8 9 1 0

Response of G5_DA2 to G5_DA2

Response to One S.D. Innovations ± 2 S.E.



26 
 

  

-1 5

-1 0

-5

0

5

1 0

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DP1 to G7_DP1

-1 5

-1 0

-5

0

5

1 0

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DP1 to G7_DP2

-1 5

-1 0

-5

0

5

1 0

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DP1 to G7_DA1

-1 5

-1 0

-5

0

5

1 0

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DP1 to G7_DA2

-4

-2

0

2

4

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DP2 to G7_DP1

-4

-2

0

2

4

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DP2 to G7_DP2

-4

-2

0

2

4

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DP2 to G7_DA1

-4

-2

0

2

4

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DP2 to G7_DA2

-1 .0

-0 .5

0 .0

0 .5

1 .0

1 .5

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DA1 to G7_DP1

-1 .0

-0 .5

0 .0

0 .5

1 .0

1 .5

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DA1 to G7_DP2

-1 .0

-0 .5

0 .0

0 .5

1 .0

1 .5

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DA1 to G7_DA1

-1 .0

-0 .5

0 .0

0 .5

1 .0

1 .5

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DA1 to G7_DA2

-1 .0

-0 .5

0 .0

0 .5

1 .0

1 .5

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DA2 to G7_DP1

-1 .0

-0 .5

0 .0

0 .5

1 .0

1 .5

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DA2 to G7_DP2

-1 .0

-0 .5

0 .0

0 .5

1 .0

1 .5

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DA2 to G7_DA1

-1 .0

-0 .5

0 .0

0 .5

1 .0

1 .5

1 2 3 4 5 6 7 8 9 1 0

Response of G7_DA2 to G7_DA2

Response to One S.D. Innovations ± 2 S.E.



27 
 

  

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DP1 to G8_DP1

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DP1 to G8_DP2

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DP1 to G8_DA1

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DP1 to G8_DA2

-8

-4

0

4

8

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DP2 to G8_DP1

-8

-4

0

4

8

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DP2 to G8_DP2

-8

-4

0

4

8

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DP2 to G8_DA1

-8

-4

0

4

8

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DP2 to G8_DA2

-1 5

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DA1 to G8_DP1

-1 5

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DA1 to G8_DP2

-1 5

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DA1 to G8_DA1

-1 5

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DA1 to G8_DA2

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DA2 to G8_DP1

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DA2 to G8_DP2

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DA2 to G8_DA1

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G8_DA2 to G8_DA2

Response to One S.D. Innovations ± 2 S.E.



28 
 

  

-6

-4

-2

0

2

4

6

8

1 0

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DP1 to G9_DP1

-6

-4

-2

0

2

4

6

8

1 0

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DP1 to G9_DP2

-6

-4

-2

0

2

4

6

8

1 0

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DP1 to G9_DA1

-6

-4

-2

0

2

4

6

8

1 0

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DP1 to G9_DA2

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DP2 to G9_DP1

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DP2 to G9_DP2

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DP2 to G9_DA1

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DP2 to G9_DA2

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DA1 to G9_DP1

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DA1 to G9_DP2

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DA1 to G9_DA1

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DA1 to G9_DA2

-1 5

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DA2 to G9_DP1

-1 5

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DA2 to G9_DP2

-1 5

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DA2 to G9_DA1

-1 5

-1 0

-5

0

5

1 0

1 5

1 2 3 4 5 6 7 8 9 1 0

Response of G9_DA2 to G9_DA2

Response to One S.D. Innovations ± 2 S.E.



29 
 

Variacnce Decomposition 
 

  



30 
 

References 
 

García Díaz, R. Hernán González and P. Kujal (2009): "List pricing and discounting in a 
Bertrand--Edgeworth duopoly", International Journal of Industrial Organization, 27 719-727. 

 
Harrington JE, RH Gonzalez A and P Kujal (2016), “The relative efficacy of price 

announcements and express communication for collusion: Experimental findings”, Journal of 
Economic Behavior & Organization 128, 251-264. 

 
Holt, C., Scheffman, D. (1987): "Facilitating practices: the effects of advance notice and 

best price policies", Rand Journal of Economics 18, 187-197. 
 
Huck, Normann and Oechssler (2004): “”, Journal of Economic Behavior & Organization 

 
List Price and Discount in a Stochastic Selling Process Z. Eddie Ning, Published Online:29 

Jan 2021https://doi.org/10.1287/mksc.2020.1257 
 
Charles F. Mason, Owen R. Phillips and Clifford Nowell (1992), “Duopoly Behavior in 

Asymmetric Markets: An Experimental Evaluation,” The Review of Economics and Statistics, Vol. 
74, No. 4 (Nov., 1992), pp. 662-670. 
     

Scheffman, D.T., Coleman, M. (2003): "Quantitative Analyses of Potential Competitive 
Effects from A Merger", U.S. Department of Justice. 
http://www.usdoj.gov/atr/public/workshops/docs/202661.pdf. 
     


