Online Appendix
There are eight appendices. Appendices A to C contain our analyses of managerial effort, asset holdings, and the deviation of managerial effort from the optimal levels. Appendices D and E expand on the relationship between liquidation values/ median prices and our model predictions. Appendix F defines the market mispricing measures that we employ in our analysis. Appendix G shows the time series of average prices in each of our 92 markets. The last appendix, H, contains the instructions for treatment C. The instructions for the other treatments are identical except for the passages that describe the specific aspects that differ by treatment. The instructions for the other treatments are available from the authors.


Appendix A: Managerial Effort
Table A. Effort of Managers.
To account for within-session dependence in Table V, we run OLS regressions with the average effort chosen within a group as the dependent variable. The standard errors are clustered at the session level. The average effort exerted by a manager over 10 periods is the unit of observation. SOP indicates that the stock ownership plan is present; and TRADE denotes that the manager is allowed to trade. The control variables consist of the average risk aversion level among traders (higher value indicates greater risk aversion), the proportion of participants with Business/Accountancy/Economics majors, the percentage of the trader cohort that has engaged in stock trading outside the laboratory, and the percentage that possesses previous experience in asset market experiments. The variable ROUND is included to control for the effect of prior experience within the same session. To address the possibility of biased inferences due to the small number of clusters and the relatively small number of observations per cluster, we also employ the sub-clustered wild bootstrap procedure introduced by Mackinnon and Webb (2018), as presented at the bottom panel of the table.

	VARIABLES
	Average Effort Chosen

	SOP
	0.02
	(0.22)

	CEO is able to trade
	0.40**
	(0.15)

	SOP * CEO is able to trade
	-0.04
	(0.21)

	Average Risk Aversion
	-0.07
	(0.07)

	Ratio of Subjects with Bus/Acc/Econ Major
	-0.42
	(0.33)

	Ratio of Subjects with Actual Trading Exp.
	0.51
	(0.45)

	Ratio of Subjects with Experiment Exp.
	0.07
	(0.31)

	Round
	0.03
	(0.08)

	Constant
	2.77***
	(0.41)

	
	
	

	Observations
	92

	R2
	0.13

	Clusters
	12

	Standard errors clustered at the session level

	*** p<0.01, ** p<0.05, * p<0.1

	
	
	

	Variable
	CEO is able to trade

	Coefficient
	0.40

	clustered p-value
	0.02

	WCR p-value
	0.08

	WCU p-value
	0.05

	WR p-value
	0.08

	WU p-value
	0.09

	Note: WCR (WCU) denotes Wild Cluster Boostrap Restricted (Unrestricted); while WR (WU) denotes Wild Boostrap Restricted (Unrestricted). All bootstrap p-values use B = 999.





Appendix B: Managers’ Asset Holdings
Table B. Managers’ Asset Holdings.
To account for within-session dependence in Table VI, we run OLS regressions of the average managers’ accumulation of share holdings  with standard errors clustered at the session level, for treatments CT and ST. The average net increase over the 10 periods of a round is taken as the unit of observation. SOP indicates that the stock ownership plan is present. The control variables consist of the average risk aversion level among traders (higher value indicates greater risk aversion), the proportion of participants with Business/Accountancy/Economics majors, the proportion of the trader cohort that has engaged in stock trading outside the laboratory, and the percentage of participants that possesses previous experience in asset market experiments. The variable ROUND is included to control for the effect of prior experience within the same session.
 

	VARIABLES
	CEO's s't=10

	SOP
	-1.22
	(3.98)

	Average Risk Aversion (Group)
	3.05
	(3.23)

	Ratio of Subjects with Bus/Acc/Econ Major
	4.00
	(20.55)

	Ratio of Subjects with Actual Trading Exp.
	-17.19
	(24.81)

	Ratio of Subjects with Experiment Exp.
	-8.24
	(23.12)

	Round
	5.85
	(3.23)

	Constant
	-11.06
	(27.33)

	
	
	

	Observations
	46

	R2
	0.19

	Clusters
	6

	Standard errors clustered at the session level

	*** p<0.01, ** p<0.05, * p<0.1

	
	
	

	Variable
	SOP

	Coefficient
	-1.22

	clustered p-value
	0.77

	WCR p-value
	0.51

	WCU p-value
	0.49

	WR p-value
	0.51

	WU p-value
	0.49

	Note: WCR (WCU) denotes Wild Cluster Boostrap Restricted (Unrestricted); while WR (WU) denotes Wild Boostrap Restricted (Unrestricted). All bootstrap p-values use B = 999.





Appendix C: Deviation from Optimal Effort
Table C. The Average Difference between the Observed and the Optimal Effort.
To account for within-session dependence in Table VII, we run OLS regressions with the average difference between the observed and the optimal effort of the manager in treatments CT and ST as the dependent variable. The standard errors are clustered at the session level. The average difference of a given manager over the 10 periods of a round is taken as a unit of observation. SOP indicates that the stock ownership plan is present. The control variables consist of the average risk aversion level among traders (higher value indicates greater risk aversion), the proportion of participants with Business/Accountancy/Economics majors, the proportion of the trader cohort that has engaged in stock trading outside the laboratory and the percentage of participants who has previous experience in asset market experiments. The variable ROUND is included to control for the effect of prior experience within the same session.

	VARIABLES
	Average of  et - e*(s't )

	SOP
	-0.12
	(0.10)

	Average Risk Aversion
	-0.17
	(0.13)

	Ratio of Subjects with Bus/Acc/Econ Major
	-0.63
	(0.75)

	Ratio of Subjects with Actual Trading Exp.
	1.01**
	(0.34)

	Ratio of Subjects with Experiment Exp.
	0.31
	(0.35)

	Round
	-0.23
	(0.14)

	Constant
	1.87*
	(0.91)

	
	
	

	Observations
	46

	R2
	0.24

	Clusters
	6

	Standard errors clustered at the session level

	*** p<0.01, ** p<0.05, * p<0.1

	
	
	

	Variable
	SOP

	Coefficient
	-0.12

	clustered p-value
	0.28

	WCR p-value
	0.89

	WCU p-value
	0.90

	WR p-value
	0.91

	WU p-value
	0.91

	Note: WCR (WCU) denotes Wild Cluster Boostrap Restricted (Unrestricted); while WR (WU) denotes Wild Boostrap Restricted (Unrestricted). All bootstrap p-values use B = 999.





Appendix D: The Relationship between the Liquidation Values and the Model Predictions.
Table D. The Relationship between the Liquidation Values and the Model Predictions.
To account for within-session dependence in Table VIII, we run OLS regressions with the liquidation value as the dependent variable. The entry in a period taken as a unit of observation and standard errors are clustered at the session level. BL denotes the estimated value under the Backward-Looking model for that period and FL denotes that of the Forward-Looking model. The control variables consist of the average risk aversion level among traders (higher value indicates greater risk aversion), the proportion of participants with Business/Accountancy/Economics majors, the proportion of the trader cohort that has engaged in stock trading outside the laboratory, the percentage of participants that possesses previous experience in asset market experiments, and the period from which the observation is taken.
	 
	(1)
	(2)
	(3)
	(4)

	
	Liquidation Value

	VARIABLES
	C
	CT
	S
	ST

	BL
	1.09***
	
	1.08***
	

	
	(0.02)
	
	(0.01)
	

	FL
	
	1.10***
	
	1.04***

	
	
	(0.00)
	
	(0.02)

	Average Risk Aversion (Group)
	-0.57
	-0.87
	0.31
	0.28

	
	(0.49)
	(0.31)
	(0.72)
	(1.35)

	Ratio of Subjects with Bus/Acc/Econ Major
	-0.57
	1.83
	2.3
	-4.59

	
	(1.42)
	(3.53)
	(2.32)
	(3.25)

	Ratio of Subjects with Actual Trading Exp.
	-2.28
	-1.18
	1.92
	4.08

	
	(2.57)
	(5.20)
	(1.20)
	(3.42)

	Ratio of Subjects with Experiment Exp.
	1.29
	-0.99*
	-0.37
	3.57

	
	(1.75)
	(0.28)
	(1.16)
	(1.89)

	Period
	-0.23**
	-0.08
	-0.10
	-0.11

	
	(0.05)
	(0.18)
	(0.05)
	(0.08)

	Constant
	-4.18
	-6.35*
	-11.64
	-3.63

	
	(3.22)
	(1.65)
	(4.19)
	(8.03)

	
	
	
	
	

	Observations
	240
	240
	220
	220

	R2
	0.94
	0.96
	0.94
	0.96

	Clusters
	3
	3
	3
	3

	Standard errors clustered at the session level

	*** p<0.01, ** p<0.05, * p<0.1

	
	
	
	
	

	Variable
	BL
	FL
	BL
	FL

	Coefficient
	1.09
	1.10
	1.08
	1.04

	clustered p-value
	< 0.01
	< 0.01
	< 0.01
	< 0.01

	WCR p-value
	0.01
	0.01
	0.03
	< 0.01

	WCU p-value
	< 0.01
	< 0.01
	< 0.01
	< 0.01

	WR p-value
	< 0.01
	< 0.01
	< 0.01
	< 0.01

	WU p-value
	< 0.01
	< 0.01
	< 0.01
	< 0.01

	Note: WCR (WCU) denotes Wild Cluster Boostrap Restricted (Unrestricted); while WR (WU) denotes Wild Boostrap Restricted (Unrestricted). All bootstrap P-values use B = 999.




Appendix E: The Relationship between Median Prices and the Fundamental Value Models

Table E. The Relationship between Median Prices and the Fundamental Value Models.
To account for within-session dependence in Table IX, we run OLS regressions with the market median price as the dependent variable. The entry in each period is taken as a unit of observation and standard errors are clustered at the session level. BL denotes the predicted value under the Backward-Looking model for that period and FL denotes that of the Forward-Looking model. The control variables consist of the average risk aversion level among traders (higher value indicates greater risk aversion), the proportion of participants with Business/Accountancy/Economics majors, the proportion of the trader cohort that has engaged in stock trading outside the laboratory, the percentage of participants that possesses previous experience in asset market experiments, and the period that the observation is taken from.
	 
	(1)
	(2)
	(3)
	(4)

	
	Median Price

	VARIABLES
	C
	CT
	S
	ST

	BL
	0.95**
	
	1.05***
	

	
	(0.16)
	
	(0.05)
	

	FL
	
	0.89**
	
	0.45

	
	
	(0.09)
	
	(0.29)

	Average Risk Aversion (Group)
	-1.75
	3.07**
	-4.74
	0.60

	
	(6.62)
	(0.60)
	(1.82)
	(7.67)

	Ratio of Subjects with Bus/Acc/Econ Major
	47.24
	-1.30
	3.70
	-20.62**

	
	(23.54)
	(3.05)
	(2.87)
	(2.94)

	Ratio of Subjects with Actual Trading Exp.
	-50.61*
	-11.50
	5.19
	50.92**

	
	(14.83)
	(7.95)
	(10.52)
	(7.67)

	Ratio of Subjects with Experiment Exp.
	6.92
	-8.36
	3.73
	1.09

	
	(9.02)
	(5.76)
	(6.15)
	(9.36)

	Period
	-1.35
	-1.07
	-0.09
	0.44

	
	(0.55)
	(0.93)
	(0.36)
	(0.81)

	Constant
	-5.41
	8.77
	20.11
	72.48

	
	(68.62)
	(11.69)
	(12.09)
	(32.89)

	
	
	
	
	

	Observations
	207
	224
	188
	202

	R2
	0.37
	0.42
	0.70
	0.52

	Clusters
	3
	3
	3
	3

	Standard errors clustered at the session level

	*** p<0.01, ** p<0.05, * p<0.1

	
	
	
	
	

	Variable
	BL
	FL
	BL
	FL

	Coefficient
	0.95
	0.89
	1.05
	0.45

	clustered p-value
	0.03
	0.01
	< 0.01
	0.27

	WCR p-value
	0.10
	0.07
	0.07
	0.30

	WCU p-value
	0.15
	< 0.01
	< 0.01
	0.34

	WR p-value
	0.03
	0.01
	0.02
	0.36

	WU p-value
	0.03
	0.02
	< 0.01
	0.40

	Note: WCR (WCU) denotes Wild Cluster Boostrap Restricted (Unrestricted); while WR (WU) denotes Wild Boostrap Restricted (Unrestricted). All bootstrap P-values use B = 999.




Appendix F: Mispricing Measures
Table F.1. Market Efficiency Measurements.
This table provides information on how we derive the measurements presented in Table F.2. We measure the extent of mispricing by the RAD index (Stöckl et al., 2010), the cost of transactions by the Absolute Spread (AS), and price volatility by the VOLA index (Stöckl et al., 2015). The variable t denotes the t-th period in round r;  , and  are the average trading price and the liquidation value in period t, respectively. is the initial asset liqudiation value before the manager exerts effort in period 1 (. is the difference between the highest unexecuted ask quote and the lowest unexecuted bid quote in period t; is the average of the bid and ask quotes in period t. ;  is the mean of log-returns in period t; and u is the u-th transaction in period t.


	Measure
	Calculation

	Relative Absolute Deviation (RAD)
	

	Absolute Spread (AS)
	

	Price Volatility (VOLA)
	





Table F.2. Market Efficiency and Price Quality.
This table summarizes the mean, standard deviation, and the p-value of the signed-rank test against zero for our market mispricing measures: RAD, Absolute Spread (AS), and the VOLA index. We also report the Mann-Whitney test results from pairwise comparisons of our treatments, at the bottom panel of the table. The formulas for the three measures are provided in Table F.1. 

	Treatment
	 
	Relative Absolute Deviation (RAD)
	Absolute Spread
	Price Volatility (VOLA)
	N

	C
	mean
	0.09
	14.72
	0.05
	24

	
	sd
	0.11
	13.97
	0.11
	

	
	signed-rank
p-value (H0:0)
	< 0.01
	< 0.01
	< 0.01
	

	CT
	mean
	0.12
	17.75
	0.07
	24

	
	sd
	0.09
	9.66
	0.08
	

	
	signed-rank
p-value (H0:0)
	< 0.01
	< 0.01
	< 0.01
	

	S
	mean
	0.05
	8.91
	0.03
	22

	
	sd
	0.04
	10.41
	0.10
	

	
	signed-rank
p-value (H0:0)
	< 0.01
	< 0.01
	< 0.01
	

	ST
	mean
	0.11
	11.98
	0.02
	22

	
	sd
	0.17
	9.83
	0.02
	

	
	signed-rank
p-value (H0:0)
	< 0.01
	< 0.01
	< 0.01
	

	
	
	Mann-Whitney p-value
	

	H0: C=CT
	0.02
	0.02
	0.02
	

	H0: S=ST
	0.02
	0.07
	< 0.01
	

	H0: C=S
	0.04
	0.01
	0.02
	

	H0: CT=ST
	0.06
	< 0.01
	< 0.01
	 





Appendix G: Prices Time Series

Figure G. Time Profile of the Average Market Prices in Each Group.
In the next four subfigures, the vertical axes measure the average transaction price in a market period and the horizontal axes indicate the market period. Each panel contains the data for one market/group.
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Appendix H: Instructions
INSTRUCTIONS FOR TREATMENT C

STAGE 1 – Trading Stage
Dear Participant, welcome to our experiment! Please pay attention to the information provided here and make your decisions carefully. If you have questions, please raise your hand and we will attend to you in private. 
Please note that unauthorized communication is prohibited. Failure to adhere to this rule would force us to stop the experiment and you may be held liable for the cost incurred in this experiment. You have the right to withdraw from the experiment before you give your consent to participate in this study. However, you have to complete this experiment once consent is given.
By participating in this study, you will be able to earn a considerable amount of money. The amount depends on the decisions you and others make. 
At the end of this session, this money will be paid to you privately and in cash. It would be contained in an envelope (indicated with your unique user ID) together with a payment receipt acknowledging that you have been given the correct payment amount. 
Each of you will be given a unique user ID and your anonymity will be preserved for the study. You will only be identified by your user ID in our data collection. All information collected will strictly be kept confidential for the sole purpose of this study.
General Information
This is an experiment about the stock market of a fictional firm, where the terminal value of the stock is determined by the effort of the CEO. 
Duration of the experiment 
The trading will take place over 3 rounds, and each round consists of 10 trading periods. Each trading period lasts for 100 seconds. The remaining time left in each period will be shown on your computer screen.
The market will terminate at the end of each 10th trading period and a new round will begin. At the start of the next trading round, your endowments will be replenished with new set of stocks and ECUs.




Period 1
Period 2
Period 10
120 seconds
Round 1
Period 1
Period 10
Round 2
Period 1
Period 10
Round 3
Session
Regrouping + New CEO
Regrouping + New CEO


 





Trading Role 
You will be randomly assigned a Trading Identity, either as the CEO or a trader. Your identity will remain the same throughout the session. 
If you are assigned as the CEO, you will be required to make effort decisions in 1 round and observe the market in the other 2 rounds. The computer will randomly choose the trading round the CEO will be playing in. If you are assigned as the investors, you will be participating in the trading market for all three rounds. Nevertheless, you will not trade with the same set of subjects at each round. At the end of round 1 and round 2, there will be a “regrouping”. We will reshuffle the market assignment and randomly assign you to a new market with different set of traders and new CEO. 
Terminal Value of the Stocks
The terminal value of the stocks varies according to the effort exerted by the CEO. The firm will purchase all stocks held by the CEO and traders at the end of each round, based on the stocks terminal value in the last period (or the surrender value). The firm issues 200 stocks in total.  The terminal value at the start of the first period is 110 ECU (the experimental currency). In each period, the CEO chooses between 5 levels of effort; {0,1,2,3,4}. The higher the effort exerted by CEO, the higher the profit made by the firm, and the higher the terminal value of the stock will be.  The relationship between the effort level and the change in the terminal value per stock in period t is shown in the following table: 
TABLE 1
	Effort
	Change in Terminal Value

	0
	-10

	1
	-5

	2
	0

	3
	5

	4
	10



For example, if the CEO always chooses effort=3 for the entire 10 periods of round 1, the terminal value of each stock at the end of round 1 is 110+5×10=160 ECUs. In other words, the terminal value increases by 5 ECUs in every period, resulting in a total increase of 50 ECUs from the initial starting value of 110 ECUs. If the CEO chooses effort 0 for the first 5 periods, and 1 for the remaining 5 periods, the terminal value of each stock at the end of the round will be 110+(-10)×5+(-5)×5=35 ECU per stock. Note that the terminal value of the stock cannot be negative. 
The CEO incurs a personal cost which varies according to the effort exerted. When the effort exerted is e, the associated cost is .  Exerting effort is costly.
Trading Rules
Please refer to the schematic diagram provided at the back of this instruction to better understand the following explanation on the trading procedure.
Trade is conducted in the form of a double auction, i.e. each trader can either sell or buy the stock at any time during the trading period. They can submit any bid/ask quote as well as the number of stocks they want to trade. 
The trading is anonymous, which means the identity of the trader/CEO who makes the offer is not revealed to other participants. Information about the trading period you are trading in and the remaining time to the end of current period can be found in Box A and Box B respectively. Information about your current cash and stocks is provided in Box C.
During the trading period, you may buy or sell stock(s)or you may do nothing.
Two ways to buy:
1. Input the price and quantity of stock(s) you are willing to pay for in Box D and click “Submit Bid”. The bidding price has to be higher than or equal to the highest current bid. Purchase does not take place until another participant accepts your bid completely or partially, OR

2. Select ask with the lowest price from all asks listed in the List of Asks (Box F) and input the quantity of stock(s) you would like to buy and click “Buy”.

Two ways to sell:
1. Input the price that you are willing to receive in return for the quantity of stock(s) you would like to sell for in Box D and click “Submit Ask”.  The asking price has to be lower than or equal to the lowest current ask. Your stocks will be sold when another participant accepts your ask completely or partially, OR

2. Select bid with the highest price from all bids listed in the List of Bids (Box E) and enter the quantity of stock(s) you would like to sell and click “Sell”.

The List of Bids (Asks) table will be arranged according to the price in descending (ascending) order and the time of posting in ascending order (earliest at the top). 
If your bids (asks) are accepted by other traders, there will be a corresponding deduction (increase) of cash from the cash account and increase (fall) in the stock holding in Box C. Note that you are only allowed to submit a bid (ask) if you have sufficient cash (number of stocks) to trade. If you no longer have adequate cash on hand (stocks in inventory) to support your outstanding bid (ask), your bid (ask) will be invalidated.
After submitting a bid (ask), you have the option to withdraw your bid/ask by selecting your bid (in blue color), inputting the quantity of stock(s) you would like to withdraw from your outstanding order and clicking on the “Withdraw Bid (Ask)” button in Box F (Box E). Current price in the market is shown in Box H.
You will be able to make profit from buying and selling stock(s). CEO can also earn profit from the net compensation received based on the effort exerted at the start of each trading period. 
 
Market Description
There is 1 CEO and 5 investors in the market. The CEO is not allowed to participate in the stock trading.  CEO (Investors) will receive a set of cash endowment (cash and stock endowment) which will be shown at the screen at beginning of the round. In every period investors can trade the stocks with cash, and the balance of cash and stocks will be carried over across the periods. Each trading period will be ended automatically after 100 seconds.   
Note that CEO will be played by different subjects in different rounds. Investor will also be trading with different set of investors in each round.
The Compensation of CEO
Salary given to the CEO in period t consists of a fixed salary component of 400 ECU and a variable salary component which varies according to the following equation:  0.2 (1000  -2000). You can consider the variable component as a form of profit sharing. The CEO will have 20% out of every profit made by the company. The profit varies proportionately with the effort the CEO puts in.
The gross salary received by the CEO is therefore determined by:

Higher effort will increase the gross salary received. Exerting effort, however, is costly. The cost of CEO effort varies according to the level of effort exerted : 50*〖effort〗^2. As CEO exerts higher effort, his cost of effort will increase at an increasing rate. 
Thus, the net salary for the CEO in each period is

The CEO is not allowed to own or trade the stocks of his/her firm. As CEO does not possess any of the firm’s stocks, his net salary will be the overall payoff received.
Table 2
	Effort
	Change in Terminal Value
	Salary
	Cost of Effort
	Net Salary (deposited into your saving account at t)
	Change in Stock Value
	Overall Payoff at t

	0
	-10
	0
	0
	0
	0
	0

	1
	-5
	200
	50
	150
	0
	150

	2
	0
	400
	200
	200
	0
	200

	3
	5
	600
	450
	150
	0
	150

	4
	10
	800
	800
	0
	0
	0



For example, if the CEO chooses =1 (see Table 2), the change of terminal value is -5; his salary will be; cost incurred upon exerting = 1 is 50*(1^2) = 50. Therefore, his net salary (and his net payoff) is ECU. 
In addition, CEO will also receive 4400 ECUs bonus at the end of the round. CEO has two different accounts: cash account and saving account. Cash account keeps CEO’s cash endowment while saving account keeps net salary and bonus received from effort exerted by the CEO. 
Earnings
At the end of the market (after 10 periods), your stocks will be purchased by the firm, using a buy-out scheme where each stock is valued according the terminal value in the last period (or the surrender value). The total money received from this purchase will be added to your total wealth.
If you are a CEO, your final wealth will be 


If you are a trader, your final wealth will be
 

Summary Screen
At the end of each trading period, you will see a summary screen (Appendix B). It will provide information about: (i) terminal value of the stock and effort chosen by the CEO (Box A1), (ii) the amount of cash and stocks in your inventories (Box B1), (iii) your current total wealth (Box C1), and (iv) the history of the average trading prices (Box A1). CEO will also be informed about his net salary (Box D1) for effort chosen. 

Reward scheme (Stage 3)
At the end of the session, trader will be rewarded based on his final wealth in a randomly selected trading round.  CEO will be rewarded based on his final wealth in the round he participates in. The currency used in this market is called ECU (Experimental Currency Unit).  We will convert your final wealth (ECUs) into Singapore Dollar according the exchange rate shown in the screen.
If you have a question that was not fully answered by the instruction please raise your hand and ask the experiment monitor before proceeding.
BEWARE! YOUR EARNINGS MAY SUFFER IF YOU PROCEED INTO THE MARKETPLACE WITHOUT UNDERSTANDING THE INSTRUCTIONS!



[image: C:\Users\ehalim001\Dropbox\FYP Asset Market 2011-2012\MANAGERIAL COMPENSATION\Materials for Instructions\Screenshots\8b.png][image: C:\Users\ehalim001\Dropbox\FYP Asset Market 2011-2012\MANAGERIAL COMPENSATION\Materials for Instructions\Screenshots\7a.png]
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