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CEOs are getting more and more compared to other 
workers. 



Agency Problem

• In firms with separation of 
ownership and control, 
agency problem may arise. 

• Granting stock shares may 
reconcile the agency 
problem because it increases 
the interest congruence 
between the CEO and 
shareholders (Meckling 
(1976), Jensen and Murphy 
(1990a), Mehran (1995), 
Murphy (2003)).



Steward Theory: 

Equity ownership might induce a sense of 
proprietorship (Wasserman, 2006; Pierce 
et al., 2001), leading the CEO to behave 
more like a “steward” of the firm (Davis 
et al., 1997), who maximizes the 
objective function of the organization.



Motivation

• It is hard to say if the effect of stock ownership comes from “feeling 
of ownership” or just increased income.

• It is also difficult to argue stock ownership is MORE EFFECTIVE 
than other incentives, e.g. cash bonus. 

• Hard to address this issue with empirical data (no data on CEO 
effort). Controlled laboratory has advantages.  



CEO Effort

• We design an asset market experiment where the FV of the firm is 
endogenously determined by CEO effort. 

Profit (FV) of the Firm



Research Questions

• Do the CEOs invest higher effort when the same amount of 
payment is paid in terms of stock shares rather than cash bonus? 

• How does the restriction on the CEO’s ability to trade the shares of 
his own firm matter on his effort and price dynamics?

– Will he work harder when he is granted this opportunity? 
– Will this lead to larger price volatility?

• Is the market able to price the CEO effort under both stock shares 
and cash bonus correctly by incorporating the information into 
share prices? 



Main Results

• The CEO effort is NOT higher when the same amount of payment is 
paid in terms of stock shares rather than cash bonus. 

• The market is in general able to price the CEO effort into share 
prices. (Good market efficiency.) 

• Giving CEO the possibility to trade the stock of his firm will

– lead to higher effort.

– but also larger price volatility. 



Treatment Design

• 2 x 2 Treatment Variations



Model

• The CEO has a production function 𝑌𝑡 = 𝑓 𝑒𝑡 = 1000𝑒𝑡 − 2000.

• He faces a cost function 𝑐𝑡 𝑒𝑡 = 50𝑒𝑡
2.

• Number of shares issued by the firm 𝑁 = 200. The CEO makes the 
production decision in 10 periods. 

• For simplicity, we assume that the stock does not pay dividends, 
and the value created by the CEO will be added to the terminal 
value 𝑻𝒕 of the stock. (Paying dividend in finite horizon leads to 
decreasing fundamental price.) 𝑇0 = 110.



Model (CEO cannot Trade) 

• We assume the stock has an initial baseline value of 110 ECU

• 𝑇𝑡 = 𝑇𝑡−1 +
𝑌𝑡

𝑁
= 𝑇𝑡−1 +

(𝟏𝟎𝟎𝟎𝒆𝒕−𝟐𝟎𝟎𝟎)

𝟐𝟎𝟎
= 𝑻𝒕−𝟏 + 𝟓𝒆𝒕 − 𝟏𝟎

• This means that the terminal value 𝑇𝑡 will be unchanged if 𝑒𝑡 = 2. It 
will increase (decrease) if 𝑒𝑡 is greater (smaller) than 2. 

• 𝑒𝑡 = 2 maximizes the CEO’s utility, but 𝑒𝑡 = 4 maximizes the 
shareholders’ value (wealth).



Detailed Treatment Design

• Linear Wage Compensation plan (L) treatment, we let the cash 
bonus be 𝑏𝑡 = 0.2𝑌𝑡.

• Stock Ownership Plan (S) treatment, we give the CEOs an 
endowment of 𝑠0 = 40 shares, 20% of the total. 

• In both L and S: 𝑈𝑡 = 𝑎𝑡 + 0.2𝑌𝑡 − 𝑐 𝑒𝑡 =  400 + (200𝑒𝑡 −



When CEO can Trade

• When the CEO has the possibility to trade, LT and ST, let 𝑠𝑡
′ be the stock 

shares held by the CEO in each period net of his initial endowment. 

• Utility becomes 𝑈𝑡 = 𝑎𝑡 + 0.2𝑌𝑡 + 𝑠′𝑡 ∗ ∆𝑇𝑡 − 𝑐𝑡 𝑒𝑡 = 200𝑒𝑡 −
50𝑒𝑡

2 +5𝑠′𝑡𝑒𝑡 −10𝑠′𝑡

• This increases the marginal return of effort to the CEOs. 



Testable Hypotheses

• Hypothesis 1: CEO always chooses 𝑒 = 2, and the terminal value of the asset 
stays at 110 in treatment L and S. 

• Hypothesis 2: CEO does not accumulate stock shares in treatment LT and ST, 
namely, 𝑠′ = 0 in all periods, and he always chooses 𝑒 = 2. 

• Hypothesis 3: Holding other things equal, CEOs do not exert more effort when 
they are paid by stock ownership than cash bonus. (No difference between L and 
S, LT and ST)

• Hypothesis 4: Holding other things equal, CEOs do not exert more effort when 
they are giving the opportunity to trade their own stocks. (No difference between 
L and LT, S and ST)



Experimental Parameterizations



Screenshot (Trading)



Screenshot (Information Feedback)



Result 1: CEO’s effort in treatments L and S are close to 2. But it 
is NOT higher in S compared to L, or ST compared to LT. 



CEO Trading

• Result 2: we reject Hypothesis 2. The average holding of additional stock shares by the 
CEO is significantly greater than zero. The average CEO’s effort is also substantially 
higher than 2. The higher CEO’s effort leads to positive profit to the non-CEO traders. 
However, given the optimal CEO effort is higher when CEO holds more stocks, the CEOs 
in treatment ST actually under-invest their effort compared to the optimal level.



Time Series of CEO Effort



Deviation of CEO from the Optimal Level



Result CEO Trading on Effort

• Result 3: we do not reject Hypothesis 3. To the opposite, we find the average 
effort by the CEO is insignificantly lower in treatments where they are paid by 
stock ownership program than cash bonus. In addition, CEOs are significantly less 
likely to invest more than optimal level of effort in treatments with stock 
ownership program.

• Result 4: we reject Hypothesis 4. CEOs on average exert more effort in absolute 
terms in treatments with possibility to trade. But they are also more likely to 
under-invest their effort in relative terms. 



Market Efficiency

• RAD and RD (Stockl et al. 2010) are measures of deviation from the 
fundamental price normalized by the scale of the fundamental price. They are 
very small in this experiment.  



Market Efficiency and Treatment Effect

• Trading possibility for CEO results in larger deviation.  



Conclusion

• The paper studies CEO effort and asset bubbles in a double auction market 
with different executive compensation schemes and CEO trading rules. 

• We find 
1. High market efficiency (little bubble), maybe because the DGP of the FV is easier to 

understand and more similar to that in a real stock market. 

2. CEO effort is insignificantly lower when the payment is made in stock shares compared 
to cash, holding the total payment value constant. 

3. Allowing CEOs to trade lead to higher effort in absolute terms, but also more “shirking” 
compared to the optimal level, and more price deviation. 



Thank you!



CEO Strategic Effort

• It seems CEO takes lower effort when they want to accumulate stocks. 



# of Observations and Timeline



Incentive Payment 

(20% of Profit)

Is CEO 

allowed to 

Trade?

In one market: In one session: 

Treatment Session Group
No of 

Manager

No of 

Investors

No of Active 

Traders

Total No 

of 

Managers

Total No 

of 

Investors

Total No 

of Subjects

L 1 1 - 9 Cash Bonus No 1 5 5 9 15 24

L 2 10 - 18 Cash Bonus No 1 5 5 9 15 24

L 3 19 - 24 Cash Bonus No 1 5 5 6 15 16

LT 4 25 - 33 Cash Bonus Yes 1 5 6 9 15 24

LT 5 34 - 42 Cash Bonus Yes 1 5 6 9 15 24

LT 6 43 - 48 Cash Bonus Yes 1 5 6 6 15 16

S 7 49 - 57 Stock Shares No 1 4 4 9 12 21

S 8 58 - 66 Stock Shares No 1 4 4 9 12 21

S 9 67 - 72 Stock Shares No 1 4 4[a] 6 12 14

ST 10 73 - 81 Stock Shares Yes 1 4 5 9 12 21

ST 11 82 - 90 Stock Shares Yes 1 4 5 9 12 21

ST 12 91 - 96 Stock Shares Yes 1 4 5[b] 6 12 14

Total 96 162 240

[a] The only exceptions are group 68 and 71. There are five (three) investors, and thus five (three) active traders in group 68 (71).

[b] The only exceptions are group 92 and 95. There are five (three) investors, and thus six (four) active traders in group 92 (95).



Alternative Definitions of FV

• NE: if CEO uses all his cash to buy stock shares at 110 in period 1. 
 𝐹𝑉𝑡 = 110, 120, 130, … , 210 for 𝑡 ∈ {1,2,3, … , 10}

• RE: if CEO uses all his cash to buy stocks in period 1 and other 
traders know his effort is going to increase in later periods.  𝐹𝑉𝑡 =
110, 120, 130, … , 210 for 𝑡 ∈ {1,2,3, … , 10}

• Backward looking model (BL):  𝐹𝑉𝑡 = 𝑉𝑡−1

• Forward looing model (FL):  𝐹𝑉𝑡 = 𝑉𝑡−1 + 𝑑𝑉∗(𝑠′
𝑡−1).

• NE and RE are predetermined, while BL and FL are extrapolative



Fitness of different FV models: extrapolative models fit 
better. 


