Appendix A – Subject Interface (buyer)
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Appendix B – Subject Instructions (buyer)
Note: While completing the instructions, subjects were asked to perform tasks to demonstrate that they understood the experimental procedures (e.g., enter a bid). Seller instructions are very similar and are available from the authors upon request.

Introduction

If you have any questions during the instructions or difficulties that arise after the experiment has begun, raise your hand and someone will assist you. 

The experiment will consist of several 3-minute trading periods. Some of the participants in this room are buyers and some are sellers. For the duration of the experiment, you will be assigned to the role of buyer. Your role will not change between periods.

Buyer Basics

You will be given values (in Experimental Dollars) for one or more shares in each period in the holdings table displayed on the bottom right corner of the screen. You will attempt to purchase shares by placing bids to buy or accepting sellers’ offers to sell. 

To place a bid, enter the price at which you are willing to buy a share and click the ‘Submit Bid to Buy’ button. Your bid will be listed in the bid queue and will be marked with an asterisk. 

Try this now. Type 100 into the box next to the ‘Submit Bid to Buy’ button and click the button. Your bid is now listed in the market along with another bid from another buyer for 110.

If a seller accepts your bid, a contract is formed. 

You may retract your bid at any time by selecting your bid in the bid queue and clicking the ‘Retract Bid’ button, as long as yours is not the standing bid (the highest price currently posted by the buyers).

Try this now. Select your bid of 100 by clicking the bid in the bid queue and press the ‘Retract Bid’ button.

There are two ways to accept the standing offer (the lowest price currently posted by the sellers):
	1. Click the ‘Buy@’ button.
	2. Place a bid that is higher than the standing offer.

In both cases, a contract will be immediately formed at the standing offer price. Contracts are formed in order from highest value to lowest value.

Try this now. Click the ‘Buy@’ button to observe the changes to your holdings table. You bought a share that you valued at 170 at a price of 120 for a profit of 50.

You cannot place more bids in the bid queue than you have remaining share values for. As you can see, you started with four share values in your holdings table. You bought one share, so you can now place up to three bids. 

You may place bids at any time. Bids must be made in whole numbers (no decimals or fractions).

Trading Mechanics

In some trading periods, you will either be assessed a fee or receive a rebate upon contract formation. 
You will be assessed a fee if you accept the standing offer by clicking the ‘Buy@’ button or by placing a bid that is higher than the standing offer. In either case, a contract will be immediately formed at the standing offer price. 

Try this now. Click the ‘Buy@’ button to observe the changes to your holdings table. You bought a share that you valued at 170 at a price of 120, but you were assessed a fee of 4 for a profit of 46.

You will receive a rebate if you enter a bid that is lower than the standing offer and wait for a seller to accept your bid. If no seller accepts your bid, you will not receive a rebate.

Try this now. Type 100 into the box next to the ‘Submit Bid to Buy’ button and click the button. Your bid is now listed in the market along with another bid from another buyer for 90. 

On the next page, you will observe what happens when a seller accepts your bid.

Your holdings table has been updated as a seller accepted your bid of 100. You bought a share that you had valued at 150 at a price of 100, but you received a rebate of 2 for a profit of 52.

You received a rebate since you entered a bid that was lower than the standing offer and waited for a seller to accept it.

Calculating Your Earnings

You will earn $1 U.S. Dollar for every 100 Experimental Dollars that you earn during the experiment. 

Your earnings in each period are independent and do not carry over into the next period. Your earnings for the experiment will be the sum of your earnings from each market period.

If you do not execute a trade in the period, you are guaranteed to earn zero profit. However, it is possible to earn negative profit if you do not trade wisely. 

Your profit for each contract is given by the following formula:

(Value – Contract Price) – Fee + Rebate = Profit

Example One: You have a value of 50 for one share. The standing offer in the market is 40. You accept the standing offer. You would be assessed a fee, which we will assume to be 5 for this example. Your profit for this contract is:

(50 – 40) – 5 = 5
(Value – Contract Price) + Rebate = Profit

Example Two: You have a value of 100 for one share. The standing offer in the market is 110.  You place a bid in the market for 97. A seller later accepts your bid.  You will receive a rebate, which we will assume to be 5 in this example. Your profit for this contract is:

(100 – 97) + 5 = 8
(Value – Contract Price) + Rebate = Profit

As you have observed, the profit calculations are done for you in the holdings table once you form a contract.

At the top of your screen, the following information is provided in the ‘Relevant Information’ box;
· Buyer ID #
· Market Fee & Rebate
Your earnings for the experiment are displayed on the top right corner of the screen. This information is updated at the end of each trading period.

You have completed the instructions. The experiment will begin once all participants have completed the instructions. You may review the instructions now by using the navigational buttons at the bottom of the screen. Printed copies of the instructions should be available at your computer terminal. Once you are ready, click the Start button to proceed.

As a reminder, if you have any questions or difficulties that arise after the experiment has begun, raise your hand and someone will assist you.












Appendix C. Descriptive statistics for market variables
	The number of observations, Obs, in the following tables corresponds to the number of session-period combinations as identified in Tables 3 and 4.
Table C1. Summary statistics for Bid-Ask Spread variable

	Treatment
	Obs
	Mean
	Standard Deviation
	Min
	Max

	Baseline
	88
	11.07 
	4.65 
	4.40 
	23.89 

	MT1
	36
	8.79 
	3.31 
	4.02 
	17.19 

	MT2
	36
	7.93 
	4.08 
	2.52 
	21.16 

	MT2’
	36
	8.58 
	3.44 
	3.43 
	17.44 

	MT1, MT2
	72
	8.36 
	3.71 
	2.52 
	21.16 

	MT1, MT2, MT2’
	108
	8.44 
	3.61 
	2.52 
	21.16 

	TF1
	32
	11.87 
	5.70 
	4.71 
	28.95 

	TF2
	32
	13.76 
	5.35 
	5.49 
	25.01 

	TF1, TF2
	64
	12.81 
	5.57 
	4.71 
	28.95 

	Baseline, TF1, TF2
	152
	11.80 
	5.11 
	4.40 
	28.95 

	MT1, MT2, MT2’, TF1, TF2
	172
	10.06 
	4.91 
	2.52 
	28.95 

	Baseline, MT1, MT2, MT2’
	196
	9.62 
	4.31 
	2.52 
	23.89 



Table C2. Summary statistics for Efficiency variable

	Treatment
	Obs
	Mean
	Standard Deviation
	Min
	Max

	Baseline
	88
	0.986
	0.016
	0.930
	1

	MT1
	36
	0.980
	0.026
	0.880
	1

	MT2
	36
	0.983
	0.025
	0.900
	1

	MT2’
	36
	0.974
	0.024
	0.920
	1

	MT1, MT2
	72
	0.981
	0.025
	0.880
	1

	MT1, MT2, MT2’
	108
	0.979
	0.025
	0.880
	1

	TF1
	32
	0.981
	0.028
	0.880
	1

	TF2
	32
	0.985
	0.018
	0.930
	1

	TF1, TF2
	64
	0.983
	0.024
	0.880
	1

	Baseline, TF1, TF2
	152
	0.985
	0.020
	0.880
	1

	MT1, MT2, MT2’, TF1, TF2
	172
	0.980
	0.024
	0.880
	1

	Baseline, MT1, MT2, MT2’
	196
	0.982
	0.022
	0.880
	1






Table C3. Summary statistics for Book Depth variable

	Treatment
	Obs
	Mean
	Standard Deviation
	Min
	Max

	Baseline
	88
	12.68 
	2.61 
	5.91 
	18.41 

	MT1
	36
	12.51 
	2.39 
	7.87 
	17.41 

	MT2
	36
	13.19 
	2.76 
	7.88 
	20.12 

	MT2’
	36
	13.32 
	2.67 
	8.36 
	20.30 

	MT1, MT2
	72
	12.85 
	2.59 
	7.87 
	20.12 

	MT1, MT2, MT2’
	108
	13.00 
	2.61 
	7.87 
	20.30 

	TF1
	32
	11.51 
	2.25 
	7.23 
	16.53 

	TF2
	32
	11.85 
	2.35 
	6.93 
	17.37 

	TF1, TF2
	64
	11.68 
	2.29 
	6.93 
	17.37 

	Baseline, TF1, TF2
	152
	12.26 
	2.52 
	5.91 
	18.41 

	MT1, MT2, MT2’, TF1, TF2
	172
	12.51 
	2.57 
	6.93 
	20.30 

	Baseline, MT1, MT2, MT2’
	196
	12.86 
	2.61 
	5.91 
	20.30 



Table C4. Summary statistics for Volume variable

	Treatment
	Obs
	Mean
	Standard Deviation
	Min
	Max

	Baseline
	88
	22.24 
	1.10 
	20
	25

	MT1
	36
	22.00 
	1.22 
	19
	25

	MT2
	36
	22.33 
	1.59 
	19
	27

	MT2’
	36
	21.86 
	1.71 
	19
	26

	MT1, MT2
	72
	22.17 
	1.41 
	19
	27

	MT1, MT2, MT2’
	108
	22.06 
	1.52 
	19
	27

	TF1
	32
	21.94 
	1.58 
	19
	25

	TF2
	32
	22.44 
	1.24 
	20
	25

	TF1, TF2
	64
	22.19 
	1.44 
	19
	25

	Baseline, TF1, TF2
	152
	22.22 
	1.25 
	19
	25

	MT1, MT2, MT2’, TF1, TF2
	172
	22.11 
	1.48 
	19
	27

	Baseline, MT1, MT2, MT2’
	196
	22.14 
	1.35 
	19
	27












Table C5. Summary statistics for Asks Accepted variable

	Treatment
	Obs
	Mean
	Standard Deviation
	Min
	Max

	Baseline
	88
	10.84 
	5.09 
	0
	22

	MT1
	36
	9.03 
	5.61 
	0
	20

	MT2
	36
	8.94 
	5.13 
	0
	19

	MT2’
	36
	9.81 
	4.92 
	2
	19

	MT1, MT2
	72
	8.99 
	5.34 
	0
	20

	MT1, MT2, MT2’
	108
	9.26 
	5.20 
	0
	20

	TF1
	32
	10.19 
	4.61 
	1
	21

	TF2
	32
	11.25 
	5.00 
	2
	23

	TF1, TF2
	64
	10.72 
	4.80 
	1
	23

	Baseline, TF1, TF2
	152
	10.79 
	4.95 
	0
	23

	MT1, MT2, MT2’, TF1, TF2
	172
	9.80 
	5.09 
	0
	23

	Baseline, MT1, MT2, MT2’
	196
	9.97 
	5.19 
	0
	22



Table C6. Summary statistics for Bids Accepted variable

	Treatment
	Obs
	Mean
	Standard Deviation
	Min
	Max

	Baseline
	88
	11.22 
	5.22 
	2
	23

	MT1
	36
	12.81 
	5.41 
	4
	24

	MT2
	36
	13.14 
	5.05 
	3
	23

	MT2’
	36
	11.94 
	5.53 
	2
	21

	MT1, MT2
	72
	12.97 
	5.20 
	3
	24

	MT1, MT2, MT2’
	108
	12.63 
	5.31 
	2
	24

	TF1
	32
	11.72 
	5.06 
	1
	23

	TF2
	32
	11.03 
	5.36 
	1
	22

	TF1, TF2
	64
	11.38 
	5.18 
	1
	23

	Baseline, TF1, TF2
	152
	11.28 
	5.18 
	1
	23

	MT1, MT2, MT2’, TF1, TF2
	172
	12.16 
	5.28 
	1
	24

	Baseline, MT1, MT2, MT2’
	196
	11.99 
	5.30 
	2
	24





Appendix D. Details for bid-ask spread example in Section II
In this appendix we provide the details corresponding to example in Section II regarding the narrowing of spreads in presence of make and take fees. In particular, we reason through the generation of the interval of profitable trades listed in Section II.
Consider the following scenarios. Suppose the current best bid is  and the current best ask is . Further, suppose buyer i (seller j) has a value (cost) of  () and wishes to make a profit of  (). In the absence of fees, the maximum price the buyer is willing to pay (or maximum bid she is willing to submit) is . Suppose . The buyer can post a limit order that does not improve the spread. Next, suppose . The buyer can post a new limit order, , that improves the spread.[footnoteRef:1] Finally, suppose . In this case the buyer will post a market order to accept the current best ask, . [1:  Of course the buyer would be willing to post any bid up to .] 

From the seller’s perspective, the lowest price she is willing to accept (or lowest ask she is willing to submit) is . Suppose, . The seller will post a market order to accept the current best bid, . Next, suppose . The seller can post a new limit order, , that improves the spread. Finally, suppose . The seller can post a limit order that does not improve the spread. Thus, if both the buyer and the seller improve the spread, then the new spread will be at least , provided . If , then any price in the interval [] will be profitable for both traders. As noted in Section II, we refer to this region as the interval of profitable trade.
Now consider the same scenario in the presence of make and take fees. Indeed, suppose the exchange offers a make rebate, , and assesses a take fee, , with , and suppose the buyer wishes to earn the same profit as above. The maximum bid the buyer is willing to post as a limit order is now . And, the maximum bid the buyer is willing to post as a market order (i.e., the highest offer to sell the buyer is willing to accept) is . Note that . Suppose . The buyer can post a limit order, , that does not improve the spread. Next, suppose . The buyer can post a new limit order, , that improves the spread. Finally, if , then the buyer will post a market order to accept the current best ask, .
From the seller’s perspective, the lowest ask she is willing to post as a limit order is now . And, the lowest ask the seller is willing to post as a market order (i.e., the lowest offer to buy the seller is willing to accept) is . Note that . Suppose . The sellers will post a market order to accept the current best bid, . Next, suppose . The seller can post a new limit order, , that improves the spread. Finally, if , then the seller can post a limit order, , that does not improve the spread.
As noted above, if both the buyer and the seller improve the spread, then in the absence of fees the new spread will be at least , provided . However, in the presence of make and take fees, the new spread would be at least , provided . Thus, spreads may artificially narrow in the presence of make and take fees. Moreover, the interval of profitable trade for the combination of a market making buyer (seller) and a market taking seller (buyer) is given by   (  ) provided   () whereas in the absence of make and take fees this interval corresponds to []. The length of the interval with make and take fees is , and this interval is smaller than the corresponding interval without fees as  by assumption.
In our second set of experiments we consider the case in which both the buyer and the seller are assessed an identical trading fee. For consistency with the above example suppose this fee is given by . Again, suppose the current best bid is , the current best ask is , and the buyer (seller) wishes to earn the same profit. The maximum bid the buyer is willing to post as either a limit order or a market order is . Suppose . The buyer can post a limit order, , that does not improve the spread. Next, suppose . The buyer can post a new limit order, , that improves the spread. Finally, if , then the buyer will post a market order to accept the current best ask, .
Next, consider the same scenario (with identical trading fees) from a seller’s perspective. The lowest ask the seller is willing to post as either a limit order or a market order is . Suppose . The sellers will post a market order to accept the current best bid, . Next, suppose . The seller can post a new limit order, , that improves the spread. Finally, if , then the seller can post a limit order, , that does not improve the spread. If both the buyer and the seller improve the spread, then the new spread would be at least , provided .
Suppose the buyer (seller) submits a limit order, while the seller (buyer) submits a market order. In either scenario the region of profitable trade corresponds to . The length of this interval is given by . Note that this interval length is equivalent to the length of the corresponding interval under make and take fees.
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