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Abstract:  This paper reports the results of laboratory experiments in which subjects are 
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Introduction 

This paper reports the results of laboratory experiments in which subjects are 

offered contracts structured as compensation packages containing either stock or options, 

and result in subjects receiving cash payments that are a function of their effort and 

random factors.  We compare the outcomes from these alternative contractual forms to 

theoretical benchmarks and contrast the effort choices elicited by each type of contract. 

Gender, experience, risk attitude, loss aversion, regret and earnings from previous periods 

affect effort choices. To our knowledge, this is the first study to compare the incentive 

effects of options and restricted stock with the same cost to the firm.  Since it is difficult 

to measure the benefit (in terms of effects on employee behavior) of options and stocks 

with field data, experimental data from the laboratory offer unique insights into this 

important problem. 

Stocks and options may differentially affect employee action choices because they 

present employees with different conditional payoff distributions for any given effort 

level.1 The relative efficiency of stock and option compensation has been a matter of 

debate in both the academic and business press.  Equity compensation comes in two 

broad forms, namely, restricted stock and stock options. In practice, there has been a 

remarkable shift in the mix of equity incentives since 2000.  The value of restricted stock 

as a fraction of all equity compensation has increased sharply in the United States.  At the 

same time, the proportion of equity compensation provided in the form of stock options 

has been declining. Across all executives listed in Execucomp, 15% of the CEO's equity 

compensation was in the form of restricted stock, on average, in 2000. That percentage 

rose steadily over the ensuing decade and stood at 51% in 2011. 

                                                
1 Stock options provide employees the right to buy a certain number of shares of the company stock at a 
fixed price over a certain period of time, often 10 years. The price at which the employee may buy stock is 
called the "strike," or "exercise" price and is usually the market price of the underlying stock on the day the 
options are granted. Restricted stock grants entitle an employee to shares (or the right to buy shares at a 
discount); however, the employee cannot take possession of the shares until a certain date in the future.  As 
in the case of stock options, stock grants ultimately provide an ownership interest. Unlike stock options, 
restricted stock retains some value for employees even if the stock price drops below the stock price on the 
grant date. 
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One explanation for this change in the mix of equity incentives is the change in 

financial reporting standards for stock-based compensation.  This change has increased 

the charges against income consequent to the issuance of stock options.2  Regardless of 

the change in financial accounting rules, the economic efficiency of alternative forms of 

equity incentives ought to be a key factor in writing compensation contracts.  We 

examine this issue directly in a laboratory experiment. 

In a unique experimental setup, we are able to test whether effort choices are 

affected by factors such as gender, experience, risk attitude, loss aversion, regret and 

earnings from previous periods.  To make sure we are comparing apples to apples, we 

design the payoff and cost function in a way that both contracts are of the same costs to 

the firm.  The experimental methodology allows us to control for payoff and cost 

functions as well as gender, experience, risk attitude, earnings history and loss aversion. 

Another reason we adopt the methodology of laboratory experiments is that real contracts 

usually include both stocks and options and it is not possible to separate them from each 

other. 

Holding fixed the expected cost of the compensation to the agent, the question 

addressed in this paper is:  Which form of compensation elicits the most effort from the 

agent.  Without imposing the constraint of equal costs, it is not possible to judge one 

compensation form as more desirable than the other. A nuance arises because of the risky 

nature of the compensation arrangements.  Mathematically, the ex-ante expected cost can 

only be made equal at a single effort level.  In the experiment, we choose this point of 

equality to be the effort level that maximizes the expected payoff to the subject.  

In our experiments, we find no significant overall differences between effort 

choices elicited by stock and option compensation packages calibrated so that the ex ante 

costs of the stock and options contracts, from the employer’s (i.e., the shareholders’) 

perspective, are equal. Because the differences in effort elicited across contractual forms 

that impose the same economic cost on the employer are small, the notion that financial 

reporting considerations are important relative to incentive considerations in the case of 

                                                
2 Carter, Lynch, and Tuna (2005) document restricted stock was granted infrequently in the period before 
expensing stock options became mandatory and that restricted stock became more popular in 2002 and 
2003 after expense recognition became mandatory. 
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equity compensation is reinforced. We additionally find that option contracts do induce a 

higher effort level from men.  Thus, there is some evidence that the form of 

compensation does matter in identifiable cases. Finally, we document that a variety of 

other factors contribute to the effectiveness of both stock and option contracts. These 

factors include risk attitude, regret, and realization of cash payments from earlier periods 

as well as gender. 

Literature Review 

There has been considerable debate about the relative effectiveness of option 

versus restricted stock plans.3 Depending on the setup of the model, theoretical literature 

offers conflicting results. While Hall and Murphy (2002) and Jenter (2001) argue that 

restricted stock dominates options, Lambert and Larcker (2004) argue that options 

contracts generally dominate restricted stock contracts.  Hemmer, Kim and Verrecchia 

(2000) show that options should be added to a compensation contract when managers 

have moderate levels of risk aversion and decreasing absolute risk aversion.  More 

recently, Dittmann and Maug (2007) analyze and calibrate a moral hazard model to 

conclude that managers ought only receive stock compensation, while Flor et al. (2014), 

who analyze a related moral hazard problem using the same utility function, conclude 

that managers ought only receive option compensation. Choe (2006) studies an 

environment where restricted stock contracts and stock options contracts are equivalent 

and implement the same outcome and lead to the same expected payoff for the manager. 

The incentive efficiency of stock compensation relative to option compensation is thus an 

unsettled question for which theory offers conflicting predictions.4 

                                                
3 The purpose and effectiveness of equity-based compensation is also subject to considerable debate in 
academic literature. While Core and Guay (2001) and Kedia and Mozumdar (2002) conclude that firm’s 
option granting decisions are driven by incentive concerns, Oyer and Schaefer (2005) reject incentive-
based explanation for stock based plans for middle- and lower-level employees and argue that these plans 
serve only to sort and retain more productive employees. Stock and option plans have also been criticized 
for giving away too much value by diluting the interests of shareholders. Meulbroek (2001), for instance, 
questions the incentives the option plans provide and whether they are worth the cost. A recent review of 
the literature on executive compensation can be found in Edmans and Gabaix (2015) and Murphy (2013). 
4 Recently, there have also been conflicting empirical evidence on another aspect of compensation 
packages: whether different compensation contracts induce CEOs differently to take on risky projects. 
While	Coles	et	al.	(2006),	Low	(2009)	and	Gormley	et	al.	(2013)	find	a	positive	relation	between	
option-based	incentive	contracts	and	risk	taking,	Hayes	et	al.	(2012)	obtain	mixed	results. 
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The arguments summarized above assume rational, utility maximizing decision-

making on the part managers. Managers are also subject to a variety of psychological 

factors that influence the value they attach to equity-based compensation and their 

decision-making.  After analyzing a survey of 192 managers, Hodge, Rajgopal and 

Shevlin (2009) conclude that individuals systematically overvalue options relative to both 

the Black-Scholes value and restricted stock plans of equivalent fair value.5  Such 

misapprehensions on the part of employees have the potential to make one contractual 

form cheaper for the employer.  For instance, if employees value options above their 

economic cost to the employer, then the employer could reduce compensation costs by 

tilting the compensation mix towards options.  As well, one contractual form may induce 

a higher level of effort from the employee at the same economic cost to the employer. 

Testing the relative effectiveness of stocks and options with archival data drawn 

from corporate records and market outcomes poses two huge challenges.  First, it is 

difficult or impossible to measure an employee’s effort level and how the employee’s 

effort level impacts the stock price.6  Second, an employee’s beliefs about how future 

stock prices are affected by his efforts may affect his effort choice and these beliefs 

cannot be observed.  An obvious solution to these problems is to generate data in a 

controlled environment using the experimental methodology. 

There is an extensive experimental literature on the effectiveness of incentives. 

Camerer and Hogarth (1999) survey 74 studies and conclude that incentives improve 

performance in easy tasks that are effort-sensitive, such as problem solving, prediction, 

judgment, or clerical tasks.  In some cases, however, such as experiments involving 

games, auctions and risky choices, incentives do not seem to affect mean performance, 

but often reduce variance in subjects’ responses.  A similar conclusion is reached in the 

review of the literature by Bonner et al. (2000), who observe that incentives improve 

performance in about one half of the 131 experiments they analyzed. They also find 

                                                
5 There is empirical evidence for behavioral factors using field data as well. As an example, recent studies 
by Klein and Maug (2010) and Carpenter, Stanton and Wallace (2013) analyze the stock option exercise 
decisions of employees and find that behavioral factors play a role in their exercise decisions. 
6 Output is a commonly-used proxy for effort level. However, output often depends on stochastic elements 
outside the control of the employee as well as the effort level of the employee.  Moreover, in large 
organizations where output depends jointly on the effort of many employees, it is difficult to identify the 
incremental contribution of any one individual on the output measure. 
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differences across incentive schemes and conclude that quota schemes are the most 

effective incentive schemes, followed by piece-rate schemes, tournament schemes and 

fixed-rate schemes. This literature establishes a broad array of contextual factors that 

affect subjects’ effort choices.7  Given this array of factors, it is difficult to draw 

conclusions from this literature about the relative efficiency of restricted stock and 

options contracts.  This is because none of these prior studies is designed to capture the 

salient features peculiar to these popular and important compensation devices. In a piece-

rate scheme, compensation rises linearly with output, which, in the typical experimental 

set-up, rises linearly and deterministically with effort.  With stocks or options the 

relationship between effort and compensation is stochastic and non-linear. 

As demonstrated by various studies in experimental economics, framing can 

affect subjects’ behavior.8 Moreover, output is a single value, whereas stock prices 

change over time. In budget-based compensation, the agent receives a nonnegative fixed 

wage plus a bonus whenever output exceeds a specified level.  The non-linearity in a 

budget-based scheme is akin to the non-linearity in an option contract; however, the 

additional compensation component with options increases in the stock price, while this 

component is a constant above the threshold level of output in many earlier experimental 

studies (e.g., Chow 1983). An exception is Waller and Chow (1985), who make the 

additional compensation component a purely linear function of the output. Equity-based 

compensation does not fit neatly within any of the aforementioned categories of incentive 

schemes and so merits separate analysis. We frame the game played by subjects as 

equity-based compensation, rather than as piece-rate or budget-based pay for a 

production task. 
                                                
7 To take one example, Bailey, Brown, and Cocco (1998) find that both piece-rate and goal-contingent 
incentive schemes induce higher initial performance than fixed-pay schemes. However, the improvement 
rates were similar across schemes. They also find no difference in performance levels between the piece-
rate and goal-contingent incentive schemes.  As another example, Sprinkle, Williamson and Upton (2008) 
focus on budget-based contracts and show that budget levels and effort are positively correlated until 
budgets become very difficult, at which point the correlation turns negative.  They also find that subjects 
take greater risks at low budget levels and choose to play it safe at high budget levels.  
 
8 As an example, in Gätcher, et al. (2009), subjects were experimental economists who registered for the 
2006 Economic Science Association meeting as participants. Half of the participants were told that there is 
a “penalty” of $50 for registering after the first deadline while the other half were told that there is a 
“discount” of $50 for registering before the first deadline. They find that 93% of economists registered 
early when presented a loss frame, as opposed to 67% economists registering early when presented a 
positive frame in the form of a discount. 
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Experimental studies adopt one of two approaches to capture effort. One approach 

is to ask the subjects to perform a real-effort task. The second approach is to ask subjects 

to choose a number from a list of integers, where each integer (or “effort level”) has a 

corresponding cost.The first approach is particularly useful when the objective is to test 

for self-selection and allow differences in ability to arise endogenously.9 Examples of 

experimental studies utilizing this alternative include Bailey, Brown and Cocco (1998), 

Cadsby, Song and Tapon (2007), Camerer and Lovallo (1999), van Dijk et al. (2001), and 

Vandegrift et al. (2007). As in Bull et al. (1987), Schotter and Weigelt (1992), Nalbantian 

and Schotter (1997), and Harbring and Irlenbusch (2003), we adopt the second approach. 

Modeling effort as a monetary input allows direct measurement of effort.  It also prevents 

variation in skill levels across subjects from obscuring the results. 

Set-up and Findings 

In this study, we offer experimental evidence on the effectiveness of stock grants 

and options in motivating employees to supply effort. The subjects in our experiment 

played the role of a manager whose effort choice impacted the future value of the firm’s 

stock price where a higher effort level generated a higher probability that the stock price 

would go up. However, a higher effort level also incurs a higher cost of effort. The games 

in the experiment were designed such that both compensation plans would (i) elicit the 

same effort level from a hypothetical expected-payoff-maximizing manager and (ii) cost 

the firm the same amount at this effort choice. 

We conducted three sets of stock and option sessions. These three sets differed 

from each other with respect to the parameter conditions and cost of effort functions, 

hence resulted in different optimal effort levels. In one set of sessions, identified as 

Design 1, the optimal effort level was 80 units (out of 100) while in the other set, 

identified as Design 2, the optimal effort level was 60 units (out of 100). The third set of 

sessions, identified as Design 3, are identical to Design 1 sessions except that we add a 

constant amount to each possible payoff under Design 1 thereby increasing all payoffs so 

                                                
9 A detailed analysis and review of the interaction between task type and effectiveness of the incentive 
scheme can be found in Bonner et al. (2000). For an example of real-effort task and a discussion of the two 
alternative designs of capturing effort levels in an experiment, see Vandergrift et al., (2007). 
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that none are negative.10 The purpose of conducting these three sets of sessions is to 

explore if and how the relative effectiveness of stock grants and options varies between 

contracts calibrated to maximize the expected payoff at low versus high levels of effort 

and whether loss aversion impacts effort choices. Another reason for conducting Design 

1 and Design 2 is to ensure that our payoff incentives were salient. Not observing an 

increase in effort levels between Designs 1 and 2 would indicate that the payoff structure 

fails to influence subjects’ effort choices. 

The payoffs distributions were described to subjects as payoffs from grants of 

stocks or options.  Moreover, the distributions exhibit important features of the payoff 

distributions of actual incentive compensation arrangements. As we will explain in detail 

when we discuss the experimental design below, our sessions involve a 2-step binomial 

tree.  This is the simplest structure that allows us to capture the basic distinction between 

option and stock compensation: the payoff from restricted stock may be less than the 

value of the stock at the grant date, while an option granted at-the-money has a zero 

initial intrinsic value that may rise over time.  We expect most or all subjects to be able to 

calculate their expected payoffs in this setting. This simple set up mitigates the suspicion 

in the popular press and academic literature that option calculations are too complicated 

for employees.  While the experimental design relieves subjects of the burden of 

computing payoffs and probabilities, subjects may, nevertheless, use heuristic decision 

criteria in choosing among payoff distributions.11 

We find that, on average, subjects choose effort levels that are lower than an 

expected-payoff-maximizing decision maker would select.  As we explain later, this 

finding is not attributable to subjects’ risk aversion. Although subjects’ effort levels are 

lower than predicted, they are sensitive to the design: for designs where the expected-

payoff-maximizing effort level is higher, subjects select a higher effort level.  Irrespective 

of the design (i.e., high or low payoff-maximizing effort level), the form of the contract 

(i.e., whether the equity compensation is in the form of stock or options) plays no 

                                                
10 Some of the effort choices under Design 1 and 2 involve negative payoffs. 
11 In an examination of archival data of option grant and exercise records from 7 companies and covering 
50,000 employees, Heath, Huddart, and Lang (1999) report that psychological factors have a measurable 
impact on exercise behavior; employee exercise decisions depend on recent price movements and whether 
the current price is above or below a psychological reference point. 
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statistically significant role in effort choice, on average. However, we find some 

differences in effort choices across genders. Overall, male subjects choose higher effort 

levels and this difference is statistically significant. In particular, male subjects choose a 

higher effort level under the Design 2 option contract, while the effort choices of female 

subjects do not differ significantly between the two contracts. While the degree of risk 

aversion does not impact effort choices, loss aversion plays a role and its effect is more 

pronounced for male subjects. 

The subjects in each session played the compensation game of that session for 20 

periods. We find that the subjects exhibit regret: effort level is lower (higher) in the 

current period than in the previous period when subject’s effort in the previous period is 

above (below) the minimum effort needed to achieve the highest possible stock price in 

the previous period.  Also, the effort level reacts negatively to a negative earning in the 

previous period. Furthermore, the effort level on average rises over the course of the 20 

periods.12 Thus, effort level adjusts to experience, past realizations of the stock price, and 

negative earnings in the previous period. 

These experimental findings suggest that the equity pay package needed to 

motivate a given level of effort depends on the employee’s experience, the past stock 

price path, and the employee’s past earnings.  The dependence of effort on history in an 

experimental setting where payoff-maximizing choice is independent of history points to 

the importance of behavioral factors in practical compensation program design. 

The next section of the paper outlines the theoretical foundation for the 

parameters that we utilized in our experiment. We then discuss the experimental design 

and procedures. After presenting the results of the experiment, we conclude by discussing 

the implications and potential extensions of our study. 

The Experimental Design 

The key to an experimental analysis of the effectiveness of stocks and options as a 

compensation tool is a careful design of these two compensation structures. The design 

needs to be simple, yet capture the essential elements of the option versus stock plans and 

                                                
12 However, it is worth noting that the effort levels stabilize towards the latest rounds as using observations 
from the last four periods alone show no significant drift in effort over successive rounds. 
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offer a proper incentive mechanism for the players to treat the game as a real 

compensation experience. 

The earnings of the subjects in this experiment directly depended on their effort 

choices during the experiment, thus providing them with monetary incentives to make 

optimal choices. The subjects were recruited from the population of undergraduate and 

graduate students at a major university. 

Figure 1 depicts the possible evolutions of the stock price in our experimental 

sessions. 

[Figure1 goes here.] 

The initial value of the stock is set at 20.  During each period, the stock price 

changes twice. First, it either goes up and doubles in value, or goes down and loses half 

of its value. Second, it again either moves up and doubles its new value, or goes down 

and loses half of its new value. An advantage of this design is that the evolution of the 

stock price and its impact on the effort level are easily explained. 

In order to compare the motivational effects of stocks and options, we conducted 

two sets of experimental sessions. The first set of sessions was designed to test the effort 

choice under a stock compensation plan. We refer to these three sessions as “Stock 

sessions.” The second set of experimental sessions was designed to test the effort choice 

under an option plan. These sessions will be referred to as the “Option sessions.”  

We conducted the stock and option sessions under three different designs. We 

refer to these experimental treatments as Design 1, Design 2 and Design 3. Under Design 

1, we set the parameter conditions and cost of effort functions such that the optimal effort 

level is 80 units (out of 100) under either the stock or the option contract. We change the 

parameter conditions and cost of effort functions under Design 2 such that the optimal 

effort level is 60 units (out of 100) under either the stock or the option contract. The 

purpose of these two designs is to explore if and how the relative effectiveness of stock 

grants and options can vary for low versus high levels of optimal effort levels. Some of 

the high effort levels under low price realizations involve negative payoffs under Design 

1 and 2. Under Design 3, we change the parameters of the game in Design 1 such that 
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every effort choice yields a positive payoff. The purpose of Design 3 is to study if loss 

aversion plays a role in subjects’ effort choices. Thus, the experiment involved a total of 

6 treatments, stock versus option contracts under each of the three designs. We conducted 

a total of 14 sessions, three Stock sessions and three Options sessions under Design 1, 

two Stock sessions and two Option sessions under Design 2 and two Stock sessions and 

two Option sessions under Design 3. 

The subjects played the role of a manager whose effort choice would impact the 

future value of the firm’s stock price. Both the Stock and Option games involved a simple 

decision problem for the subjects. In each period, the subjects were asked to choose one 

of the nine effort levels: 10, 20, 30, 40, 50, 60, 70, 80 or 90. We used a neutral 

terminology and referred to effort levels as decision numbers during the experiment. 

A subject’s point earnings in a period depended on the value of her stock units at 

the end of that period.  The subjects were told that their decision number choice 

influences the end-of-period value of their stock holdings, with a higher decision 

resulting in a higher probability that the stock price goes up in that period. The stock 

price was set at 20 at the beginning of each period. To determine the stock price at the 

end of the period, we placed 100 ping-pong balls, numbered 1 through 100, in a box in 

front of the experimental lab. The box was visible to each subject at all times. After the 

subjects chose their decision numbers for the period and entered it on their computer 

terminal, the monitor drew two consecutive numbers from the box with replacement. 

After each draw, the price of the stock owned by a subject moved up or down depending 

on that subject’s choice of the decision number and the outcome of the draw. The 

decision number is chosen only once each period and applies to both draws of ping-pong 

balls. Each time the number drawn was lower than or equal to (higher than) the decision 

number chosen by the subject in that period, the stock price for that subject was doubled 

(dropped by half). Thus, if we let x denote a subject’s choice of the decision number, 

x/100 represents the probability that the subject’s stock price doubles while 1– x/100 

represents the probability that the stock price drops by half after each draw. As a result, 

after the two draws, the end of period value of the stock will be 80 with probability

, 5 with probability  and will be 20 with probability 

€ 

(x /100)2

€ 

(1− x /100)2
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. To help the subjects with these calculations, we provided them with 

a table that displayed the probabilities for each of the three possible end-of-period stock 

prices under each of the nine decision numbers.  A higher decision number also cost the 

subjects more. 

We chose the binomial representation of the stock price process for its simplicity 

and for the fact that, in the limit, it converges to the lognormal distribution.13 Beginning 

with Black and Scholes, the lognormal distribution underlies the option valuation 

literature and approximates actual stock price movements reasonably well. We chose to 

contrast a package of stock with a package of options plus a salary because in practice, 

when a firm contemplates switching from options to stock, the switch typically involves a 

grant of restricted stock for a smaller number of shares than were covered by the options 

and a lower base salary. Thus, the salary part of the option contract in our design captures 

the salary differential between the option and stock contracts.  The salary is chosen so 

that the ex ante expected costs of the two packages are identical at the predicted effort 

level and closely aligned at every other effort choice.  This point is illustrated by the 

point of tangency of the two curves plotted in Figure 2.  Consequently, the contracts are 

equally costly to the (hypothetical) employer. The experiment tests whether the effort 

elicited from the employee differs between the contracts. 

[Figure 2 goes here.] 

The games in the experiment were designed such that both compensation plans 

would elicit the same optimal effort level from a hypothetical expected-payoff-

maximizing manager and both plans would cost the firm the same amount at the optimal 

effort choice. The three designs of stock and option contracts differed from each other 

with respect to the cost of effort, the initial number of shares and the initial cash 

endowment. 

                                                
13 We specify two steps to the binomial process in each period because this is the smallest tree for which 
the stock and option payoff structures are readily distinguished.  A two-step recombining tree has three 
terminal nodes.  Under the option contract, two payoffs are possible. The payoff is a large positive value if 
the stock price goes up at each step and zero otherwise. Under the stock contract, three payoffs are possible.  
The payoff is small, but positive, if the stock price goes down in each period; the payoff is higher if the 
stock price goes down and then up, or up and then down; the payoff is higher still, but not as high as the 
option payoff, if the stock price goes up at each step.  Larger trees are more complex, but would share these 
basic features. 

€ 

2(x /100)(1− x /100)
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We present the details of the three designs below. In addition to the requirement 

that both incentive contracts elicit the same effort level from an expected-payoff-

maximizing manager and cost the firm the same amount at the optimal effort level, our 

choice of the parameter values and functional forms for the experiment had to satisfy the 

condition that there be a single peak in the expected payoff as a function of effort and this 

function be steep enough about its maximum to provide sufficiently different payoffs for 

effort levels around the expected-payoff-maximizing effort level. The reason for this is 

that we not only required a unique solution to the optimization problem of an expected 

payoff maximizer, we also wanted to provide incentives to the subjects to choose this 

optimal effort level over other effort levels.  To create these incentives, the payoffs from 

effort choices near the optimum had to be distinguishable from the payoffs associated 

with the optimal effort choice. These requirements led us to a cost of effort function of 

the form 

a(x/100)6 + b(x/100) + c, 

where x is the effort choice, and a, b and c are parameters. The values of these 

parameters, the initial number of shares and initial cash endowment utilized in the 

experiments are as follows. 

Design 1: In the option sessions, each subject was given call options on 100 

shares of stock with an exercise price of 20 plus a fixed payment of 1,600. If a subject 

exercises her options, she pays 2,000 and in exchange receives 100 shares of stock. Thus, 

subject i’s point earnings in a period were determined as:  

 

100 max{0, end-of-period stock price for subject i – 20} + 1,600 – the cost of 

subject i’s decision number. 

Having specified the parameters of the option contract, the parameters of the 

stock contract and the cost of effort function are chosen to satisfy several conditions.  

First, the expected-payoff maximizing choice must be the same for both contracts.  

Second, the expected cost of the stock contract must equal the expected cost of the option 

contract at the expected-payoff maximizing effort choice. Additionally, the cost function 

must have zero cost and zero marginal cost at the lowest effort level. These conditions are 

€ 

×
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sufficient to specify the parameters of the stock contract and the cost function. In the 

stock sessions of Design 1, each subject was given 94.12 shares of a fictitious stock in 

each period. Subject i’s point earnings in a period were determined as:   

 

94.12  (end-of-period stock price for subject i ) – the cost of subject i’s decision 

number. 

 

The cost of effort in Design 1 is given by:  

 

. 

 

For convenience, we also provided the subjects with a table that displayed the cost 

of each of the nine decision numbers.  The complete instructions provided to subjects are 

included in the appendix. 

With these choices of the initial stock price, exercise price, the initial endowment 

of the number of shares of stock and call options, the initial cash endowment under the 

option plan, and the cost of effort for the two plans, we ensure that (i) both the stock and 

options compensation packages are predicted to induce 80 as the payoff maximizing 

decision number by an expected-payoff-maximizing decision maker, and (ii) conditional 

on this choice, both compensation packages impose the same expected cost on the firm. 

Note that parameters are chosen so that the expected payoff is maximized at the 

same decision number under either contract. The differences in the pay packages have to 

do with the higher moments of the payoff distribution.  Table 1 presents the payoffs and 

associated summary statistics on the moments of the payoff distribution under the stock 

and option contracts for Design 1.14  The top part of the table displays the three possible 

                                                
14 As shown in Table 1, high effort levels under Design 1 could yield negative earnings. If a subject’s point 
earnings came out to be negative in any round, then those point earnings (i.e., losses) were deducted from 
his/her total point earnings. There is a possibility that a subject’s total earnings at the end of the experiment 
could be negative, which would create incentive problems since it is impractical to make the subjects pay 
the experimenter. However, given the limited conditions under which the payoff could be negative in any 

€ 

×

€ 

4,822.9615(x /100)6 − 0.2929(x /100)+ 0.0244
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outcomes of the stock price and option value. Panel A contains the probability and the 

corresponding payoff for each stock price outcome, for each of the nine decision numbers 

under the stock contract. Similarly, Panel B includes the probability and the 

corresponding payoff for each stock price outcome, for each of the nine decision numbers 

under the option contract. Both panels also present the expected payoff, the standard 

deviation, and the skewness of payoffs under each of the decision numbers.15  For both 

contracts, the mean and standard deviation first increase with the decision number and 

then decrease.  For both contracts, skewness is decreasing in the decision number. 

[Table 1 goes here.] 

Design 2: Design 2 is similar to Design 1 except that the subject’s cost of effort 

function is 

  

, 

 

the fixed payment the subject received in addition to the options is 1,200 points, 

and the number of shares the subject receives under the stock contract is 85.71.  As a 

result, the decision number predicted to be chosen by an expected-payoff-maximizing 

decision maker in Design 2 is 60 under either the option or stock contract. 

Design 3: Design 3 is identical to Design 1 except that each payoff under Design 

1, as displayed in Table 1, is increased by 2,200 points. This ensures that every possible 

payoff under any effort choice is positive. The purpose of Design 3 is to investigate the 

role of loss aversion. A comparison of Design 1 and 3 will indicate whether the presence 

of negative payoffs plays a role in players’ effort choices.  

To illustrate the probability distribution of payoffs faced by subjects in the stock 

sessions, Figure 3 plots the three possible outcomes, for each of the three possible 

                                                                                                                                            
round and given the fact that subjects played the game twenty rounds, we did not expect any subject’s total 
earnings to be negative, and as we expected all of the subjects finished the experiment with a positive 
payoff.   
15 Table 1 was not provided to the subjects in order not to “lead” them to any particular effort choice.  
Further, the subjects chose a payoff distribution rather a single payoff. The subjects were, however, 
provided with a table showing the cost of every possible effort choice and a table showing the distribution 
of stock prices caused induced by each effort choice.   

€ 

15,434.1(x /100)6 − 0.926045(x /100) + 0.0771704
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realizations of the stock price under each of the decision numbers 10 through 90 under 

Design 1.  Figure 4 plots the same information for the option sessions. 

[Figure 3 goes here.] 

[Figure 4 goes here.] 

Figures 3 and 4 illustrate that, although the expected payoffs from the two 

contracts are identical at the decision number that maximizes the expected payoff, the 

payoff distributions are quite different.  The horizontal location of the bar indicates the 

value of the payoff in points.  The vertical height of the bars indicates the probability of 

the payoff.  As the effort level selected by the subject increases, the location of each bar 

moves left, indicating each possible (net) payoff is lower because the cost of effort is 

higher.  While the lowest effort levels offer the lowest expected payoffs, they also ensure 

a higher minimum payoff (in case the stock price turns out to be 5 or 20). Also note that 

as the effort level increases, the height of the leftmost bar decreases, indicating that the 

lowest payoff becomes less probable, while the height of the rightmost bar increases, 

indicating that the highest payoff becomes more probable. 

At the end of each period, the computer calculated each subject’s point earnings 

for that period. The computer terminal in front of each subject displayed that subject’s 

stock price, the cost of her decision number, and her point earnings for the period.  The 

computer also displayed her current total point earnings up to that period.16 

In each session the subjects were seated in a large computer lab. They were read a 

set of instructions and given an opportunity to ask questions. Although each subject was 

given a copy of the instructions, a monitor read the instructions aloud and gave the 

subjects an opportunity to ask questions. Given the possibility that the subjects may not 

possess a clear understanding of the game after reading and hearing the instructions, 

subjects in each session played the game of that session a number of times. First, we 

asked the subjects in each session to play the game of that session for practice for three 

rounds. The purpose of the practice periods was to familiarize the subjects with the 

                                                
16 The computer program used in the experiment was built on the Z-tree software (Fischbacher, 1999). 
Copies of the program as well as the data are available upon request. 
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experimental procedures. The earnings in the practice periods were hypothetical, thus the 

subjects’ choices in the practice periods did not affect their actual earnings. At the end of 

each practice period, we gave subjects another opportunity to ask questions. After they 

completed the three practice periods, the subjects played the game for money for twenty 

periods. We gave the subjects a questionnaire at the end of each session. In response to 

questions in the questionnaire, all subjects answered the question “Were the instructions 

clear to you?” with either “Yes, very clear,” or “Reasonably clear.” All but seven subjects 

answered “No” to the question “Was the game complicated to you?” 

Subjects were recruited through e-mails. Interested students could go to a 

specially designed website to sign up for the experiment.  In order to eliminate any 

potential effects of experience, the recruitment software did not allow anyone to sign up 

for more than one session.17  A total of 131 subjects participated in Stock sessions; 54 in 

the three Design 1 sessions, 38 in the two Design 2 sessions and 39 in the two Design 3 

sessions. A total of 124 subjects participated in Option sessions; 49 in the three Design 1 

sessions, 36 in the two Design 2 sessions and 39 in the two Design 3 sessions.18 

The subjects started each session with an initial balance of 16,000 points. Subjects 

earned or lost additional points through the outcome of their decision number choices and 

pin pong ball draws during twenty periods. Each subject’s total point earnings at the end 

of period 20 were converted to cash at the rate of $1 per 4,000 points and deposited to the 

subject’s university spending account immediately following the experiment.19  Each 

session lasted about 70 minutes. Average earning per subject was $22.48 for the stock 

session and $22.71 for the option sessions. Subjects’ earnings varied from $15.06 to 

$31.10 in stock sessions and from $16.30 to $27.70 in the option sessions. Such a range 

in earnings indicates that subjects’ earnings were sensitive to their investment decisions.20 

                                                
17 The purpose of this is to eliminate any experience differentials among the subjects. Otherwise, it can be 
claimed that any difference between the outcomes of earlier and later sessions is due to the fact that 
subjects who participated in multiple sessions gained experience in earlier sessions, and this experience 
induced them to follow a different strategy in later sessions. 
18 Although we allowed the same number of subjects to sign up for each session, different number of 
subjects showed up for different sessions. 
19 The spending account is linked to debit card that can be used by students at various vendors on campus 
and nearby areas. 
20 An alternative payment scheme is to randomly pick a round at the end of the experiment and pay the 
subjects based on their payoff in that round only (see Hey and Lee, 2005, for a discussion of this alternative 
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Theory predicts that an expected-payoff maximizer would choose an effort level 

of 80 units in Design 1 and 3, and an effort level of 60 units in Design 2. However, as 

illustrated in Figures 3 and 4 for the case of Design 1, choosing an effort level 

corresponds to choosing from a set of payoff distributions. As a result, it is not obvious 

that players would choose the expected-payoff-maximizing effort. Therefore, instead of 

making point predictions about the effort levels, we form hypotheses about the difference 

in effort levels between the two contract types and across the three designs. 

Our first hypothesis is that effort choices are higher when the stock and option 

contracts are calibrated so that the optimal (i.e., expected payoff maximizing) effort level 

is higher.  Given the payoff structures in our three designs, we expect the stock and 

option contracts to generate a higher effort level under Design 1 and 3 than they do under 

Design 2.  Our second hypothesis is based on the feature of our experimental design that 

both compensation plans would elicit the same effort level from an expected-payoff 

maximizing agent. If some factors induce agents to choose effort levels different than the 

payoff-maximizing levels, we expect these factors to affect the two incentive contracts 

similarly under each design. We therefore hypothesize that the stock contract generates 

the same effort level as the option contract under each of the three designs. Our last 

hypothesis is based on the expectation that subjects would tend to avoid effort levels that 

might lead to a negative payoff. Because these effort levels are the high effort levels 

under Design 1 (see Table 1), loss aversion suggests that the effort levels under Design 3 

will be higher than effort levels under Design 1.21 Loss aversion further suggests that 

subjects will avoid effort level choices for which a negative payoff is possible. 

                                                                                                                                            
payment scheme). Although this alternative could provide the subjects with more incentives in each round, 
it also eliminates the ability of the subjects to diversify the risk across rounds. This is particularly important 
in our experiment where the payoff in any given round could be negative or very small. Our setup also 
captures the actual practice better because managers make periodic choices and each period counts. 
Furthermore, as will be discussed shortly, subjects in our experiment chose significantly higher effort levels 
under Designs 1 and 3 than under Design 2, indicating that our payoff structure provides incentives that are 
strong enough to have a measurable impact on subjects’ behavior.  
21 Recall that Design 3 is identical to Design 1 except that it does not include any negative payoffs. This has 
been achieved by simply adding a constant amount to each possible payoff under Design 1 thereby turning 
all negative payoffs into positive payoffs. 
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Results 

Description of the data 

Table 2 presents the descriptive statistics on the data gathered from the 

experiments that are used in our statistical analysis. In addition to the contract type and 

the design type, we anticipate that such factors as the previous period’s realization of the 

stock price, the success of the subject’s choice in the previous round, and the risk attitude 

and gender of the subject could play a role in the decision number choice in the current 

period. 

[Table 2 goes here.] 

The variables are as follows: 

• EFFORT is the decision number (or effort choice) made by the subject in a 
period. 

• DIFEFF is the difference between the decision number chosen this period and the 
decision number chosen last period by the subject.  This variable is computed for 
periods 2 through 20, but not for period 1. 

• REGRET_ABOVE is an indicator variable defined for the second and succeeding 
periods.  It takes the value 1 if the subject’s effort in the previous period is above 
the minimum effort needed to achieve the highest possible stock price of $80. 

• REGRET_BELOW is an indicator variable defined for the second and succeeding 
periods.  It takes the value 1 if the subject’s effort in the previous period is below 
the minimum effort needed to achieve the highest possible stock price of $80. 

• LAGEARNNEG is indicator variable that takes the value 1 if the subject’s payoff 
in the previous period is negative and zero otherwise. 

• PERIOD is the period number, which ranges from 1 to 20. 
• OPTION is an indicator variable that is 1 if the subject is presented with the 

option contract and zero otherwise.  Each of the 255 subjects participates in only 
one experimental session and is presented with the same contract in each period 
of the session. 

• E80 is an indicator variable that is 1 for the treatments where an effort choice of 
80 provides the highest expected payoff and zero otherwise. 

• POSITIVE is an indicator variable that is 1 for the treatments where all payoffs 
are positive irrespective of effort choice and stock price, and zero otherwise. 

• RISK is the subject’s risk attitude, computed from the debriefing survey.  For 29 
subjects, the debriefing survey is not available.22 

                                                
22 The survey asked the subjects to circle their choice in each of the following 15 scenarios:  
1. 
a) receiving 1000 points and  
b) receiving 2000 points with 85% probability and 0 points with 15% probability  
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• MALE is an indicator variable that is 1 for male subjects and zero for females. 
 

Combined, there are 5,100 effort decisions across three designs and two contract 

types.  Fewer than 5,100 observations are available for DIFEFF because this variable is 

the change in decision between consecutive periods.  For REGRET_ABOVE, 

REGRET_BELOW, and LAGEARNNEG, fewer than 5,100 observations are available 

because these variables are computed from lagged values relating to the previous period. 

DIFEFF has a mean that is nearly zero.  The standard deviation of this variable is 

11.89 and it ranges from –80 to 80, indicating that subjects sometimes make huge 

changes in their effort choices from one period to the next. About half of the subjects 

(54%) were males. The mean risk aversion index, RISK, was 4.19 indicating that on 

average subjects were indifferent between receiving a sure payoff of 1000 points and 

gamble where they would receive 2000 points with about 69% probability and 0 points 

with about 31% probability. A risk aversion index value below 8 indicates risk aversion 

while any value above 9 indicates risk seeking. Given that the maximum value of this 

index across the subjects is 7, each subject in our experiment displayed risk aversion on 

the questionnaire. 

                                                                                                                                            
2. 
a) receiving 1000 points and  
b) receiving 2000 points with 80% probability and 0 points with 20% probability  
3. 
a) receiving 1000 points and  
b) receiving 2000 points with 75% probability and 0 points with 25% probability  
. 
. 
15. 
a) receiving 1000 points and  
b) receiving 2000 points with 15% probability and 0 points with 85% probability. 
 
The point at which a subject switches from choice b to choice a is an indication of that subject’s risk 
attitude. More risk averse subjects are expected to switch from b to a at an earlier scenario than less risk 
averse subjects. Note that at switching point 8, the expected payoff of the lottery is equal to receiving 1000 
points with certainty. We have obtained the switching points of the subjects through a questionnaire. See 
Kalchelmeier and Shehata (1992) as an example of an experiment designed to elicit subjects’ certainty 
equivalents of a series of lotteries through a monetary mechanism. 
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Comparison of subjects’ behavior with the predictions assuming expected-payoff-
maximizing decision making 

Figure 5 displays the distribution of subjects’ effort choices under each of the six 

experimental treatments.  Inspection of this figure indicates that there is substantial 

variation in effort choices within and across the three designs (the three columns of the 

figure) as well as between the two incentive contracts (the two rows of the figure). 

[Figure 5 goes here.] 

We conducted two-tail p-values to compare the observed effort to the expected-

payoff-maximizing effort: (i) a t-test of differences in the means, assuming unequal 

variances, and (ii) a Wilcoxon signed-rank two-sample test. We find that the mean and 

median effort choices under Design 1 and 3 are significantly smaller than the payoff-

maximizing effort level of 80 (p-value <0.0001 for both designs using a t-test).  

Similarly, the mean and median effort choices under Design 2 are significantly smaller 

than the payoff maximizing effort level of 60 (p-value <0.0001 using a t-test). These 

results hold both for periods 1 to 20 as well as for periods 11 to 20.  These results indicate 

that subjects, on average, choose an effort level that is lower than the effort level that, in 

expectation, maximizes the subject’s payoff. 

One might think that our result that subjects choose lower effort levels than 

predicted may be related to some of the earlier results in the literature that employees 

undervalue stock-based compensation contracts. Bettis, et al. (2005) and Hall and 

Murphy (2002) compute the subjective valuation that the executives place on their 

options and find the subjective values of the options to be lower than the corresponding 

objective values. They also find that the difference between subjective and objective 

valuations is increasing in stock-price volatility.  In related work, Miller and Shapira 

(2004) find that subjects undervalue options, particularly when the range of payoffs for 

the underlying asset is large.  There are also studies showing that employees often 

overvalue stock-based compensation because they are too optimistic about the future 

stock price of the firm (e.g., Hodge et al., 2009, Bergman and Jenter, 2007).  While the 

differences in these studies are puzzling, they do not directly relate to our study. In our 

study, we do not ask subjects to value the compensation they have been granted.  Rather, 
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we ask them to select a personally costly effort level that determines the probability 

distribution of future stock prices.  Once the subject has selected his effort level, the stock 

price is determined by a simple probability distribution that is common knowledge to all 

subjects. Thus, there is little scope for the subjects to overestimate or underestimate 

future stock prices in our laboratory setting.  Instead, each subject incurs costly effort to 

obtain the probability distribution over stock prices (and the compensation payments 

implied by these stock prices) that he most prefers. 

Devers et al. (2007) consider the impact on valuation of stock options of an 

endowment effect as well as stock price volatility. They argue that endowment effect23 

leads to subjective valuations exceeding objective valuations while higher stock price 

volatility reduces subjective valuations. Farrell, Krische, and Sedatole (2011) provide 

evidence that employees use simple heuristics in their valuations and tend to undervalue 

stock options, and their valuations increase when they complete a stock option education 

program. In fact, Farrell et al. (2011) attribute the overvaluation results of Hodge et al. 

(2009) and Devers et al. (2007) to the fact that they elicited valuations from experienced 

option owners and from owners who have received training on stock options. 

In relation to the above studies, the wide range of possible stock prices in our 

experiment, between $5 and $80 over a relatively short period of time, can be considered 

as high volatility. However, the probability distribution of these payoffs in our 

experiment is very simple and is known to all the players, whereas the distribution of 

future stock prices in actuality is more complicated and ambiguous. With regard to 

experience and training result of Devers et al. (2007), our subjects play three practice 

rounds before they start playing the game for cash, and they gain experience by playing 

the game 20 times. Thus, we do not believe lack of training is a factor in our experiment. 

Another explanation that we reject is that risk aversion leads subjects to select 

lower levels of effort than predicted.  From Figure 5, the mean and median effort levels 

selected by subjects are between 5 and 20 points below the predicted levels.  The design 

of the lotteries selected by the subjects is such that the risk faced by the subjects (as 

measured by the standard deviation of the payoffs) is modestly higher for effort levels in 
                                                
23 Endowment effects arise if holders of options anticipate receiving value from these options and perceive 
this value as real wealth. 
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this range than for the predicted effort level. Table 1 presents the standard deviation 

associated with each effort level for Design 1.  The other Designs are similarly 

constructed and share this important characteristic.  Thus, risk aversion cannot be driving 

subjects to choose lower effort levels because lower effort levels the subjects selected, on 

average, provide riskier payoffs. 

Given the simple setup in our experiment, we do not believe the above 

explanations are applicable to our incentive games. One explanation is suggested by the 

evidence that probabilities are not always perceived correctly by human decision makers. 

In particular, subjects overweight low probabilities while they underweight high 

probabilities (Kahneman and Tversky, 1979; Tversky and Kahneman, 1992). As 

displayed in Table 1, both stock and option contracts involve the lowest probabilities for 

very small effort levels (and high payoffs) and for very high effort levels (and low 

payoffs). If subjects overweight these small probabilities, then this would increase the 

value they assign to low effort levels and decrease the value they assign to high effort 

levels, which would induce subjects to choose effort levels below the payoff maximizing 

levels. 

[Figure 6 goes here.] 

To give a sense of how subjects’ effort levels change from period to period, 

Figure 6 plots subjects’ effort levels by period for one experimental session. Each panel 

displays the effort levels of a single subject.  In the panels, the horizontal axis is the 

period of the session and the vertical axis is the effort selected.  Some subjects (e.g., 

number 2) chose an effort level early in the session and stuck with it for the entire 

session.  Other subjects changed their effort levels in nearly every session (e.g., number 

4).  Still other subjects switched from choosing the same effort early in the session to 

choosing a different effort in each session (e.g., number 24).  There is wide variation 

across subjects in the range of effort choices selected over the course of 20 periods. There 

were 37 subjects who chose the same effort level in each of the 20 periods. More than 

half of the subjects (132 out of 255 subjects) chose 3 or fewer different effort levels over 

20 periods. At the other extreme, 7 subjects had effort choices that varied from 10 to 90, 

i.e., they chose the widest possible range of effort levels. 
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 [Table 3 goes here.] 

Overall, and despite the wide variation in choices of effort level across subjects 

and over time, there is strong evidence that subjects’ choices are converging over time.  

We assess this as follows.  For each subject in each session, the standard deviation of the 

efforts selected by the subject in periods 1 to 5, 6 to 10, 11 to 15, and 16 to 20 is 

calculated.  Table 3 reports the distribution of the standard deviations of subjects’ efforts 

in each of these sub-periods of the experimental sessions.  In each sub-period, more than 

a quarter of the subjects repeated the same effort choice five times, while a few subjects 

chose very different effort levels over the sub-period.  The median and mean values of 

the standard deviations are decreasing over the course of the session. Cuzick's (1985) 

nonparametric test for trend across ordered groups, which is an extension of the 

Wilcoxon rank-sum test, rejects the null that the variation in subjects’ effort choices is 

unchanging over the course of the session with a p-value of 0.000.  We investigate factors 

that drive this variation in two stages.  First, we examine how the variation in effort 

choices is driven by the form of the contract and subjects’ characteristics.  Then, we 

examine how the past evolution of stock prices and payoffs affects subjects’ subsequent 

effort choices. 

Determinants of effort choice: How do stock grants compare to options in their 
effectiveness in motivating effort? 

In Table 4, we investigate the determinants of subjects’ effort choices. In Panel A, 

we pool all subjects together. In Panel B results are broken down by gender. Given that a 

subject’s effort choices across 20 rounds may have a common component and so are 

unlikely to be independent, we present t-values computed from robust standard errors 

where each subject is treated as a cluster.24 

[Table 4 goes here.] 

Consistent with our first hypothesis, the coefficient estimate on the interactions 

E80 x STOCK and E80 x OPTION indicators are positive and significantly different from 

zero, establishing that effort choice is higher when contracts are calibrated to motivate an 

                                                
24 We have also performed the analysis of Table 5 using the data from the last 10 periods only. The results 
were not affected, hence are not reported here. 
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expected payoff maximizer to supply an effort level of 80 (Designs 1 and 3) than the 

sessions where contracts are calibrated to motivate an effort level of 60 (Design 2). This 

result also indicates that the incentive structure in the experiment was effective; an 

increase in the incentives led to significantly higher effort level choices. 

The coefficient of the variable POSITIVE in Panel A measures the difference in 

effort choices between Design 1 and Design 3, conditional on the other factors in the 

regression equation. Recall that the Design 1 and Design 3 sessions are identical except 

that payoffs of Design 3 are obtained by adding 2,200 points to each possible payoff 

under Design 1. As a result, while the payoffs for some of the high effort choices are 

negative under Design 1, all the payoffs under Design 3 are positive. The positive and 

significant coefficient for POSITIVE in Table 4 is consistent with the hypothesis that loss 

aversion plays a role in subjects’ effort choices. Even though the optimal effort level for a 

risk-neutral player and the ranking of the expected payoffs of effort levels are the same 

under the two designs, the possibility of a negative payoff after choosing a high effort 

level under Design 1 leads subjects to choose lower effort overall in Design 1. These 

lower effort levels may be explained by loss aversion (see Kahneman and Tversky, 1979; 

Tversky and Kahneman, 1992): potential payoffs that are negative weigh more heavily in 

the value function than potential payoffs that are positive, leading subjects to avoid effort 

levels for which the payoff may be negative. 

We do not find any impact of the contract type on the effort choices when all 

subjects are pooled. In Panel A of Table 4, the coefficient estimate on OPTION is not 

significantly different from zero, which is also consistent with the interpretation that the 

contractual is not important to the effort choice. Moreover, the coefficient estimates on 

E80 x STOCK and E80 x OPTION are not significantly different from each other, and so 

provide no evidence that one contract form elicited higher effort than the other.25  

We know from earlier experimental studies that such factors as gender, learning, 

and the realized outcome of the earlier rounds can have significant impact on players’ 

                                                
25 It is worth contrasting this result in Table 4 to Hodge et al. (2009).  Hodge et al. (2009) offer evidence for 
their claim that players overvalue options relative to restricted stock because option valuation is more 
complicated than restricted stock valuation. This effect does not exist in our experiment since our 
experiment involves a simple compensation game and the subjects are provided with the payoff 
calculations for each effort level under each compensation structure. 
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choices. We next explore various factors that may contribute to the effectiveness of these 

two contracts. 

Variation in subjects’ risk attitudes does not play a significant role in explaining 

variation in subjects’ effort choices. Recall that every subject in our sessions picked up a 

risk attitude index value of 7 or less, displaying risk aversion. Thus, variation in the RISK 

variable captures variation in risk aversion across subjects. The lack of significance for 

RISK indicates that variation is subjects’ risk attitudes does not explain variation in 

subjects’ effort choices.  This finding may be attributed to two factors. One is that the 

difference in the riskiness of the effort level a subject chooses and the riskiness of the 

next higher or lower effort level typically is small.  This can be seen from the standard 

deviations presented in Table 1. Another factor is that the subjects play the game for 

twenty periods, which provides them a degree of diversification because their earnings 

are accumulated over these rounds.26 A related recent study by Hodge, Rajgopal and 

Shevlin (2009) surveys 192 managers, and using a risk-aversion measure similar to ours, 

finds that risk aversion does not appear to affect the value assigned to the incentive 

contracts by these managers. 

The effort level choice increases with PERIOD (0.19 units each period, t-statistics 

3.76, two-tailed), indicating that subjects, on average, choose a higher effort level as they 

gain experience. Because higher effort increases the expected payoff that subjects receive 

under their compensation contracts, this finding is evidence that as subjects gain 

experience with equity compensation, they adjust their effort to increase their expected 

payoff.  This finding is distinct from Farrell, Krische and Sedatole’s (2011) evidence that 

employees’ valuation of the options increases after they receive training in option 

valuation.  Though our experimental design captures features of option- and stock-based 

compensation, it is designed to be simple so that subjects do not need training in formal 

option valuation. We nevertheless find some learning effects where subjects’ effort 

choices display slight increases through periods. The effect of experience diminishes over 

the course the game.  Using observations from the last four periods alone, the coefficient 

                                                
26 This second point will be evident shortly when we report that subjects’ effort choices in period t depend 
on whether or not their earnings in period t-1 was negative. 
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estimate PERIOD is insignificant, indicating that subjects’ behavior stabilized toward the 

end of the session. 

The coefficient of the variable MALE in Panel A of Table 4 measures the 

difference in effort choices between men and women, conditional on the other factors in 

the regression equation.  The significantly positive coefficient estimate indicates that, on 

average, men chose 3 units higher effort level than female subjects. This is in line with 

the gender effects found in a number of previous experimental studies. As an example, 

Gneezy et al. (2003) offers experimental evidence to show that men outperformed 

women in tournament games but not when compensation was based on piece rate. 

Similarly, Vandegrift and Yavas (2009) study subject’s effort and entry choices between 

piece rate compensation versus a tournament game and find that the average male entrant 

to the tournament performed better than the average female entrant and men entered the 

tournament too frequently. An extensive review of the studies on gender differences can 

be found in Eckel and Grossman (2008) and Croson and Gneezy (2009). 

Our results indicate that male subjects choose higher effort levels in non-

tournament games as well, although there is no evidence that male subjects earned more 

than female subjects, on average:  pooling all sessions, the p-value of a Mann-Whitney 

two-sample ranksum test of the null that men and women earn the same amounts of cash 

is 0.1030.27 

Comparing Panels A and B of Table 4, we can further isolate the difference 

between male and female subjects. According to Panel B, gender plays a role only for 

options contracts. The significantly positive coefficient estimate of 4.63 on OPTION 

indicates that the option contract yields significantly higher effort levels than the stock 

contract from men in Design 2.  The coefficient estimates of 13.30 and 10.47 on STOCK 

x E80 and OPTION x E80, respectively, indicate that this significant difference in effort 

is limited to the design in which the payoff-maximizing effort is 60 (i.e., Design 2).  One 

reason why this difference is apparent in Design 2, but not in Designs 1 and 3, is that the 

opportunity to select higher effort levels in Designs 1 and 3 is limited.  Specifically, the 

                                                
27 The contracts offered and the set of random values drawn differ across sessions.  Thus pooling all 
sessions may obscure differences in cash earned within a particular session. Testing the hypothesis in each 
session yields p-values ranging from 1.000 to 0.1023, so there is no evidence that men and women earn 
different amounts in any session. 
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chosen effort level must be one of nine values: 10, 20, 30, 40, 50, 60, 70, 80, or 90.  In 

Design 2, three effort levels (70, 80, and 90) can be selected that are higher than the 

payoff-maximizing effort level, which is 60.  In Designs 1 and 3, only one effort level, 

90, is higher than the payoff-maximizing effort level, which is 80. 

Examining the impact of the presence of negative payoffs for the two genders, we 

find that adding a constant amount to each payoff to eliminate the negative payoffs 

significantly affects only men’s effort choices.  Specifically, men choose effort levels that 

are 5.07 points higher, on average, when the possibility of a loss is removed from the 

payoffs. Loss aversion plays no role in effort choices by female subjects.28 

How do the incentive effects of an option or stock plan change as the stock price evolves? 

The experimental studies of human decision making in repeated binary choice 

settings summarized by Erev and Barron (2005) reveal sequential dependencies in 

choices. Despite the different set up in our study, their evidence nevertheless leads us to 

examine whether outcomes in one period lead to changes in choices in the next period.  

Because the choice set in our study is not binary, the set of potential changes in choices is 

rich—extending much beyond selecting the sole other action—because effort can be 

increased or decreased in varying amounts from one period to the next.  Accordingly we 

analyze changes in effort as a function of subject attributes, contract characteristics, and 

past outcomes.  To do so, we regress the change in a subject’s decision number from one 

period to the next on explanatory variables provided in Table 2 above.  Table 5 reports 

the results of a regression in which the dependent variable is DIFEFF, the change in 

effort this period compared to last period. 

[Table 5 goes here] 

Subjects revise their decision number or effort in response to the realization of the 

stock price in the previous period. Analysis of subjects’ effort changes over time are 

strongly consistent with regret.  The coefficient estimate of REGRET_ABOVE reveals 

that subjects, on average, reduce effort by 3.777 units when the outcome of the previous 

                                                
28 This result is in line with Schubert et al. (1999) who find that men are more risk averse than women 
when lotteries are framed as losses rather than gains. Tanaka et al. (2010), on the other hand, report no 
gender differences in risk aversion. 
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period reveals the subject’s effort in the previous period was above the minimum level 

needed to achieve a stock price of $80.  The coefficient estimate of on REGRET_BELOW 

reveals that subjects, on average, increase effort by 4.988 when the outcome of the 

previous period reveals the subject’s effort in the previous period was below the 

minimum level needed to achieve a stock price of $80. 

The notion of regret was introduced in the context of auctions by Engelbrecht-

Wiggans (1989) and subsequently has been incorporated in a number of studies, 

including Filiz-Ozbay and Ozbay (2007).  The idea is that in a decision made with 

incomplete information, such as choosing effort that has a stochastic effect on outcome, 

what seems the best action ex ante may not turn out to be the best one after the outcome 

is revealed. This discrepancy between the chosen action and the action revealed ex post 

to have been best may cause regret. Regret can be of two forms, either not having applied 

sufficient effort to achieve the desired outcome (REGRET_BELOW) or having supplied 

more effort than necessary to achieve the desired outcome (REGRET_ABOVE). These 

studies show that if the players anticipate that they are going to regret their choices, they 

may adjust their decisions to reflect their anticipation of regret. What our results show is 

that there is an adaptive reaction to regret as well; the discrepancy between the ex-ante 

best choice and ex-post best choice in a round has an impact on subjects' effort choices in 

the following round. 

Subjects also alter their effort in response to a negative earning in the previous 

period. A negative earning in the previous period leads subjects to reduce their effort 

level in the current period by 11.797 points. Not only is this reaction statistically 

significant, it is also larger in magnitude than the reaction of the effort choice to any other 

variable. This behavior can be explained by the “house money” effect of Thaler and 

Johnson (1990). The house money effect is driven by the recent experience of the subject, 

specifically, the time series of payoffs received by the subject. Suppose that the subject’s 

benchmark level of wealth is established by his point value at the beginning of the 

previous round. If, in the previous round the subject received more points, he perceives 

that his wealth is above the benchmark level previously established.  In this circumstance, 

he will undertake gambles that expose him to some risk of a loss because the money he 

stands to lose belongs to the “house”.  In contrast, if the subject lost points in the previous 
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round, he perceives that his wealth is below a benchmark level previously established 

and, in response, he avoids the possibility of further losses.  In Designs 1 and 2, this is 

achieved by selecting lower effort levels.  The explanation is based on the behavioral 

argument that when agents experience a loss, this diminishes their "emotional reserves" 

to tolerate further losses and leads them to play more conservatively in the following 

period. A positive payoff, on the other hand, enables them to accumulate a cushion of 

emotional strength and lead them to play more aggressively in the following period. Our 

result is in line with a recent study by Liu et al. (2010) who find that investors in the 

Taiwan Stock Exchange Capitalization Weighted Stock Index options markets take 

above-average risks in afternoon trading after morning gains. 

In Table 5, there is no evidence that subjects’ effort choices from one period to 

another are influenced by whether the contract is a stock or option contract, whether the 

contract is calibrated to induce a high or low optimal effort level, or whether all the 

payoffs are positive. As well, there is no evidence that either the subject’s gender or risk 

attitude influences changes in effort from one period to the next.  

Conclusions 

Equity-based compensation plans attract the attention of the press on an almost 

continuous basis. In bull markets, there are many reports of employees who became 

wealthy as their company's stock skyrocketed. When markets fall, the focus shifts to the 

adverse impact of out-of-the-money options on employees’ morale. 

This paper reports the results of laboratory experiments in which subjects are 

offered contracts structured like equity compensation packages, and result in subjects 

receiving cash payments that are a function of their effort and random factors.  We 

compare the experimental outcomes from alternative contractual forms to theoretical 

benchmarks and report the efficiency of the contracts to provide evidence on whether 

options or stocks that have same economic cost to the employer yield the same or 

different effort levels from the managers. We find both contracts elicit lower-than-

predicted levels of effort. In our experiments, we find no significant overall differences 

between effort choices elicited by stock and option compensation packages calibrated so 

that the ex ante costs of the stock and options contracts, from the employer’s (i.e., the 
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shareholders’) perspective, are equal. Because the differences in effort elicited across 

contractual forms that impose the same economic cost on the employer are small, the 

notion that financial reporting considerations are important relative to incentive 

considerations in the case of equity compensation is reinforced. Effort choices elicited by 

the option contract do not differ significantly from effort choices elicited by the stock 

contract except for male subjects.  The option contract elicits a higher effort level for 

these subjects than a stock contract.  This is evidence that, for a definable subset of the 

population, employee effort choices will differ across stock-based and option-based 

compensation contracts that are similarly costly to the employer. 

We also find strong evidence that effort choices adapt to experience and stock 

prices realized in previous periods.  This suggests that heuristic factors are important to 

decision-making in contexts resembling the ones considered in this study.  The evidence 

suggests that the supply of effort by an employee in one period depends on more than the 

incentive compensation offered to the employee.  Effort may vary with the employee’s 

past experience with equity compensation, the past stock price path, and the employee’s 

past earnings.  This intertemporal dependence arises from human decision biases in 

setting where the design assures that outcomes in one period are technologically 

independent of outcomes in every other period. 

Designing a compensation plan that provides incentives to employees to achieve 

desired effort levels is an important goal of every firm. This issue has significance for 

policy makers as well. As the securities regulation and accounting rule changes regarding 

the approval and expensing of stock options have illustrated, policy makers have had a 

significant influence on firms’ use of equity-based compensation plans. The Securities 

and Exchange Commission now requires registrants to analyze compensation policies and 

practices to determine whether they create risks that are reasonably likely to have a 

material adverse effect on the company (see SEC Release No. 33-9089). In June, 2010, 

the Office of Thrift Supervision of U.S. Department of the Treasury issues guidance on 

compensation practices (see Federal Reserve Docket ID OTS-2010-0020 Interagency 

Guidance on Sound Incentive Compensation Policies). And, The Dodd–Frank Wall Street 

Reform and Consumer Protection Act (Pub.L. 111-203, H.R. 4173), which was signed 

into law in July 2010, requires federal regulators to issue rules prohibiting incentive-
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based compensation arrangements at certain financial institutions that provide excessive 

compensation or could lead to material financial loss. Should policy makers pursue or 

avoid policies that discourage firms from utilizing equity-based compensation plans?29 

An important component of the answer to this question is how such plans affect effort 

and firm value. The consequences of policy changes for equity-based plans can be 

enormous. 

Clearly, the two compensation games of this experiment abstract from many 

complicated details of option and stock plans in most firms. However, the essential 

difference between these two plans is being captured in these games. Whether outcomes 

are sensitive to institutional details is another question that could be investigated 

experimentally, but is beyond the scope of the current paper. Our experiment was 

designed to capture important differences between the two compensation plans in as 

simple framework as possible. 

                                                
29In 2003, Microsoft, for example, replaced its broad-based option program with a restricted stock unit 
program.  Industry observers commented that this change and contemporaneous regulatory action fueled 
switches in plan design at other companies:  "Tech firms ... are looking at alternative forms of equity 
compensation. ... Shareholder activism and new SEC rules requiring shareholder approval of new equity 
compensation plans, as well as share increases to existing plans, has made it much harder to provide new 
shares. Meanwhile, the adoption of fair-value option expensing rules by the Financial Accounting 
Standards Board (FASB) eliminates a putative advantage of options in financial reporting – the ability to 
use them as employee compensation without booking an expense. Finally, Microsoft Corp.'s shift from 
options to restricted stock unit grants has helped put such alternatives on many corporate agendas."  ("For 
the Record Technology, Media, and Telecommunications" newsletter published by Deloitte & Touche 
October/November 2003 p. 1, accessed via the web, June 19, 2007 
http://www.deloitte.com/dtt/cda/doc/content/us_tmt_fortherecord_Stock_Compensation(2).pdf) 
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Appendix 

Experimental Instructions STOCK session [changes for the Option session are 

given in italics] 

Welcome. 

This is a study examining the manner in which people make decisions.  If you follow the 
instructions carefully and make good decisions, you could earn a considerable amount of 
money. 
You will first play three practice periods. The purpose of the practice periods is to 
familiarize you with the experimental procedures. Nothing that you do in the practice 
periods will affect the money you earn. After 3 practice periods, you will make decisions 
for 20 periods (or rounds). You will receive point earnings each period based upon the 
outcome of your decisions in that period.  Your point earnings for each period will be 
added to your account.  At the end of the experiment, the balance in your Point Earnings 
Account will be converted to cash (more points mean more cash) and deposited in your 
ID+ account immediately following the experiment. 
You will start the experiment with an initial balance of 16,000 points. Your additional 
point earnings in a period will be determined by your choice and two draws from a box 
that contains ping-pong balls numbered one to one hundred, as explained below. 

Task description 

Each period we are going to ask you to choose a decision number that will influence the 
future value of a fictitious ‘stock,’ much the same way that the effort exerted by a 
manager affects the performance of a company and hence its stock price. A higher 
decision number will result in a higher probability that the stock price goes up in the 
following period. However, a higher decision number will also cost you more. 
The initial value of the stock is 20.  During each period, the stock price moves twice. 
First, it either goes up and doubles in value, or goes down and loses half of its value. 
Second, it again either moves up and doubles its new value, or goes down and loses half 
of its new value. The following figure illustrates the possible movements of the stock 
price during each period: 
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Thus, the end-of-period value of the stock will be 80, 20 or 5. The probability with which 
each outcome takes place will depend on your decision number and two draws from a 
box of ping-pong balls. More specifically, each period you will choose one of the nine 
decision numbers: 10, 20, 30, 40, 50, 60, 70, 80 or 90. 
After you choose your decision number, we will draw two numbers from the box in front 
of the room.  The box contains 100 ping-pong balls, numbered 1 to 100.  First, we will 
draw a ping-pong ball from the box and announce its number.  Then, we will put the ball 
back in the box, draw another ball and announce its number.  After each draw, the stock 
price will move up or down depending on your decision number and the outcome of the 
draw as follows:  

• If the number from the first draw is lower than or equal to the decision number 
you chose in that period, then the stock price for you will move up to 40. If the 
number from the second draw is lower than or equal to the decision number you 
chose, then the stock price for you will move up to 80, and that would be your 
stock price for that period. 
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• If the number from the first draw is lower than or equal to the decision number 
you chose in that period, then the stock price for you will move up to 40. If the 
number from the second draw is higher than the decision number you chose, then 
the stock price for you will go down to 20, and that would be your stock price for 
that period. 

• If the number from the first draw is higher than the decision number you chose in 
that period, then the stock price for you will move down to 10. If the number from 
the second draw is lower than or equal to the decision number you chose, then the 
stock price for you will move up to 20, and that would be your stock price for that 
period. 

• If the number from the first draw is higher than the decision number you chose in 
that period, then the stock price for you will move down to 10. If the number from 
the second draw is higher than the decision number you chose, then the stock 
price for you will down to 5, and that would be your stock price for that period. 

 
Note that the higher your decision number, the more likely it is that the stock price moves 
up. In fact, given that the ping-pong balls are numbered one to one hundred, if you 
choose number 10, there is a 10% chance that the price moves up and 90% chance that 
the price moves down after any draw. That means the probability that the stock moves up 
twice to end up at 80 is  or 1%, the probability that the stock moves up 
once and then moves down to end up at 20 is  or 9%, the probability that 
the stock moves down first and then moves up to end at 20 is  or 9%, and 
the probability that the stock moves down twice to end at 5 is  or 81%. 
Thus, if you choose the decision number 10, your stock price will be 5 with 81% 
probability, it will be 20 with 18% probability, and it will be 80 with 1% probability. To 
help you with these calculations, the following table displays the probabilities for each of 
the three end-of-period stock prices under each of the nine decision numbers available to 
you: 
 

Decision number 
Probability the stock 

price is 5 
Probability the stock 

price is 20 
Probability the stock 

price is 80 
10 81% 18% 1% 
20 64% 32% 4% 
30 49% 42% 9% 
40 36% 48% 16% 
50 25% 50% 25% 
60 16% 48% 36% 
70 9% 42% 49% 
80 4% 32% 64% 
90 1% 18% 81% 

 

€ 

0.1× 0.1= 0.01

€ 

0.1× 0.9 = 0.09

€ 

0.9 × 0.1= 0.09

€ 

0.9 × 0.9 = 0.81
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A higher decision number will also cost you more. The following table displays the cost 
of each effort level: 

Decision number Cost 

10 0 

20 0.28 

30 3.50 

40 19.91 

50 76.17 

60 227.67 

70 574.30 

80 1279.83 

90 2594.77 

Your point earnings 

Your point earnings in a period will be equal to: 
The stock price produced by your decision number and the two wheel spins in that period 
multiplied by the number of shares you own minus the cost of your decision number.  
You own 94.12 shares of stock in each period. Your point earnings in a period will be: 
Your Point Earnings = 94.12  Stock Price – Cost of Your Decision Number 
 
[Your point earnings in a round will be determined as follows: 
Each round you will be given call options on 100 shares of stock with an exercise of price 
of 20 plus a fixed payment of 1,600.  In each round, the options may be exercised after 
the second draw of a ball from the box.  If you exercise your options, you pay 2,000 (that 
is, ) and receive in exchange 100 shares of stock.  Each share of stock 
has the value determined by the two draws.  Obviously, it is not worthwhile to exercise 
the options if the share price is 5, since you would be paying 2,000 to receive shares 
worth 500 (that is, ).  It makes no difference whether you exercise the options 
when the stock price is 20, since you would be paying 2,000 to receive something that is 
worth 2,000.  It is worthwhile to exercise the options if the share price is 80, since you 
would be paying 2,000 to receive something that is worth 8,000 (that is, ).  You 
receive a net benefit of 6,000 by exercising the options when the stock price is 80.  In 
fact, the computer will exercise the options when it is in your best interest.  To 
summarize, your point earnings in round will be the fixed payment of 1,600 PLUS the 
value of the options LESS the cost of your decision number. 
If the stock price is 5 or 20, then the options are worth nothing and 
Your Point Earnings = 1,600 + 0 – Cost of Your Decision Number 

€ 

×

€ 

100 × 20 = 2,000

€ 

100 × 5

€ 

100 × 80
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If the stock price is 80, then the options are worth 6,000 and 
Your Point Earnings = 1,600 + 6,000 – Cost of Your Decision Number] 
 
For your convenience, the table below calculates Your Point Earnings for each of the 
nine decision number choices and the three possible values of your stock shares: 
 
Decision 
number 

Point earnings if 
Stock price is 5 

Point earnings if 
stock price is 20 

Point earnings if 
stock price is 80 

10 471 1,882 7,529 
20 470 1,882 7,529 
30 467 1,879 7,526 
40 451 1,862 7,510 
50 394 1,806 7,453 
60 243 1,655 7,302 
70 –104 1,308 6,955 
80 –809 603 6,250 
90 –2,124 –712 4,935 

 

Decision 
number 

Point earnings 
if Stock price is 
5 

Point earnings 
if stock price is 
20 

Point earnings 
if stock price is 
80 

10 1,600 1,600 7,600 
20 1,600 1,600 7,600 
30 1,597 1,597 7,597 
40 1,580 1,580 7,580 
50 1,524 1,524 7,524 
60 1,372 1,372 7,372 
70 1,026 1,026 7,026 
80 320 320 6,320 
90 –995 –995 5,005] 

 
Also recall from the probability table earlier that the higher your decision number, the 
higher your chance of obtaining a higher stock price. Feel free to use the calculator 
function on your computer by clicking on the “calculator” button at the bottom of your 
screen. 
You will have 2 minutes in each period to choose your decision number. After you 
choose your decision number, you will enter it on your computer terminal. Once 
everyone has entered a decision number, one of the monitors will draw two numbers 
from the box, as was explained before. The computer then will calculate your point 
earnings for that period. The computer will show your stock price, the cost of your 
decision number, and your point earnings for the period.  The computer will also display 
your current total point earnings. 
You will perform the same procedure in each period. That is, you will choose a decision 
number in each period (of course you may pick the same decision number) and we will 
draw a number twice.  Point earnings accumulate across periods. If your point earnings 
are negative for a period, then those point earnings (i.e., losses) will be deducted from 
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your total point earnings. Your total point earnings at the end of period 20 will be 
converted to cash at the rate of $1 per 4,000 points and deposited to your ID+ account 
immediately following the experiment. 
For your convenience, a pencil and scratch paper have been provided for your use. Your 
forecasts and your earnings are your private information.  You will now have 5 minutes 
to go over the instructions and examine how your choice of the decision number affects 
your earnings. After the 5-minute period, you will play the three practice periods and 20 
periods for money.  It is important that you do not talk or in any way try to communicate 
with other people during the experiment. If you violate the rules, you will be asked to 
leave the experiment. Any questions?  
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Table 1.1 

Payoffs and probabilities under the stock and option contracts with descriptive 

statistics: Design 1 

 

 

Decision
number Low Medium High Mean Std. dev. Skewness

Stock price 5.00 20.00 80.00
Option value 0.00 0.00 60.00

points points points
prob. prob. prob.

Panel A:
Stock contract 10 470.59 1,882.35 7,529.41 795.29 866.94 5.00

0.81 0.18 0.01
20 470.31 1,882.07 7,529.13 1,204.43 1,446.35 3.29

0.64 0.32 0.04
30 467.09 1,878.86 7,525.92 1,695.33 1,952.68 2.27

0.49 0.42 0.09
40 450.68 1,862.45 7,509.50 2,257.74 2,379.82 1.56

0.36 0.48 0.16
50 394.41 1,806.18 7,453.24 2,865.00 2,710.99 0.99

0.25 0.50 0.25
60 242.92 1,654.68 7,301.74 3,461.74 2,921.23 0.49

0.16 0.48 0.36
70 -103.71 1,308.06 6,955.12 3,948.06 2,972.46 -0.01

0.09 0.42 0.49
80 -809.24 602.52 6,249.58 4,160.17 2,798.57 -0.62

0.04 0.32 0.64
90 -2,124.18 -712.41 4,934.65 3,847.59 2,248.70 -1.60

0.01 0.18 0.81

Outcome



 
 

 44 

Table 1.1 (continued) 

Payoffs and probabilities under the stock and option contracts with descriptive 

statistics: Design 1 

 

 
Notes to Table 1: 
 

The payoffs in Panel A are derived from the payoff function under the stock contract: 
94.12  End of Period Stock Price – the Cost of Decision Number. 
Similarly, the payoffs in Panel B are derived from the payoff function under the option 
contract: 
100 max(0, End of Period Stock Price – 20) + 1,600 – the Cost of Decision Number 
where the cost of decision number x is given by: 

. 

€ 

×

€ 

×

€ 

4,822.9615(x /100)6 − 0.2929(x /100)+ 0.0244

Decision
number Low Medium High Mean Std. dev. Skewness

Stock price 5.00 20.00 80.00
Option value 0.00 0.00 60.00

points points points
prob. prob. prob.

Panel B:
Option plus 
wage contract 10 1,600.00 1,600.00 7,600.00 1,660.00 596.99 9.85

0.81 0.18 0.01
20 1,599.72 1,599.72 7,599.72 1,839.72 1,175.76 4.69

0.64 0.32 0.04
30 1,596.50 1,596.50 7,596.50 2,136.50 1,717.09 2.87

0.49 0.42 0.09
40 1,580.09 1,580.09 7,580.09 2,540.09 2,199.64 1.85

0.36 0.48 0.16
50 1,523.83 1,523.83 7,523.83 3,023.83 2,598.08 1.15

0.25 0.50 0.25
60 1,372.33 1,372.33 7,372.33 3,532.33 2,880.00 0.58

0.16 0.48 0.36
70 1,025.71 1,025.71 7,025.71 3,965.71 2,999.40 0.04

0.09 0.42 0.49
80 320.17 320.17 6,320.17 4,160.17 2,880.00 -0.58

0.04 0.32 0.64
90 -994.77 -994.77 5,005.23 3,865.23 2,353.81 -1.58

0.01 0.18 0.81

Outcome
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Table 1.2 

Payoffs and probabilities under the stock and option contracts with descriptive 

statistics: Design 2 

 

 
Decision Outcome 

   

 
number Low Medium High Mean 

Std. 
dev. Skewness 

Stock price 
 

5.00 20.00 80.00 
   Option 

value   0.00 0.00 60.00       

        
  

points points points 
   

  
prob. prob. prob. 

   Panel A: 
       Stock 

contract 10 428.57 1714.29 6857.14 724.29 789.54 5.00 

  
0.81 0.18 0.01 

   
 

20 427.69 1713.41 6856.26 1096.26 1317.21 3.29 

  
0.64 0.32 0.04 

   
 

30 417.52 1703.23 6846.09 1536.09 1778.33 2.27 

  
0.49 0.42 0.09 

   
 

40 365.65 1651.36 6794.22 2011.36 2167.33 1.56 

  
0.36 0.48 0.16 

   
 

50 187.80 1473.51 6616.37 2437.80 2468.94 0.99 

  
0.25 0.50 0.25 

   
 

60 -291.04 994.67 6137.53 2640.39 2660.40 0.49 

  
0.16 0.48 0.36 

   

 
70 

-
1386.66 -100.95 5041.91 2303.34 2707.06 -0.01 

  
0.09 0.42 0.49 

   

 
80 

-
3616.72 

-
2331.00 2811.85 909.00 2548.70 -0.62 

 
1 0.04 0.32 0.64 

   

 
90 

-
7772.98 

-
6487.26 

-
1344.41 

-
2334.41 2047.92 -1.60 

  
0.01 0.18 0.81 
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Table 1.2 (continued) 

Payoffs and probabilities under the stock and option contracts with descriptive 

statistics: Design 2 

 

 
Decision Outcome 

   

 
number Low Medium High Mean 

Std. 
dev. Skewness 

Stock 
price 

 
5.00 20.00 80.00 

   Option 
value   0.00 0.00 60.00       

        
  

points points points 
   

  
prob. prob. prob. 

   Panel B: 
       Option 

plus wage 
contract 10 1,200.00 1,200.00 7,200.00 1,260.00 596.99 9.85 

  
0.81 0.18 0.01 

   
 

20 1,199.12 1,199.12 7,199.12 1,439.12 1,175.76 4.69 

  
0.64 0.32 0.04 

   
 

30 1,188.95 1,188.95 7,188.95 1,728.95 1,717.09 2.87 

  
0.49 0.42 0.09 

   
 

40 1,137.08 1,137.08 7,137.08 2,097.08 2,199.64 1.85 

  
0.36 0.48 0.16 

   
 

50 959.23 959.23 6,959.23 2,459.23 2,598.08 1.15 

  
0.25 0.50 0.25 

   
 

60 480.39 480.39 6,480.39 2,640.39 2,880.00 0.58 

  
0.16 0.48 0.36 

   
 

70 -615.23 -615.23 5,384.77 2,324.77 2,999.40 0.04 

  
0.09 0.42 0.49 

   

 
80 

-
2,845.29 

-
2,845.29 3,154.71 994.71 2,880.00 -0.58 

  
0.04 0.32 0.64 

   

 
90 

-
7,001.55 

-
7,001.55 

-
1,001.55 

-
2,141.55 2,353.81 -1.58 

  
0.01 0.18 0.81 

    
Notes to Table 2: 
 

The payoffs in Panel A are derived from the payoff function under the stock contract: 
85.71  End of Period Stock Price – the Cost of Decision Number. 

€ 

×
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Similarly, the payoffs in Panel B are derived from the payoff function under the option 
contract: 
100 max(0, End of Period Stock Price – 20) + 1,200 – the Cost of Decision Number 
where the cost of decision number x is given by: 
15,434.1(x/100)6 – 0.92645(x/100)+0.771704. 

€ 

×
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Table 2 

Descriptive statistics 

 
 

 
 

Variable 

definitions: 
 

• CASHTHIS is the amount of cash earned by the subject in the current period. 
• EFFORT is the decision number (or effort choice) made by the subject in a 

period. 
• DIFEFF is the difference between the decision number chosen this period and the 

decision number chosen last period by the subject.  This variable is computed for 
periods 2 through 20, but not for period 1. 

• REGRET_ABOVE is an indicator variable defined for the second and succeeding 
periods.  It takes the value 1 if the subject’s effort in the previous period is above 
the minimum effort needed to achieve the highest possible stock price of $80. 

• REGRET_BELOW is an indicator variable defined for the second and succeeding 
periods.  It takes the value 1 if the subject’s effort in the previous period is below 
the minimum effort needed to achieve the highest possible stock price of $80. 

• LAGEARNNEG is indicator variable that takes the value 1 if the subject’s payoff 
in the previous period is negative and zero otherwise. 

• PERIOD is the period number, which ranges from 1 to 20. 
• OPTION is an indicator variable that is 1 if the subject is presented with the 

option contract and zero otherwise.  Each of the 255 subjects participates in only 
one experimental session and is presented with the same contract in each period 
of the session. 

• E80 is an indicator variable that is 1 for the treatments where an effort choice of 
80 provides the highest expected payoff and zero otherwise. 

Variable

Panel A: Data that varies by subject-period
CASHTHIS
EFFORT
DIFEFF
REGRET_ABOVE
REGRET_BELOW
LAGEARNNEG
PERIOD

Panel B: Data that varies by subject
OPTION
E80
POSITIVE
RISK
MALE

N Mean Std. Dev. Minimum Median Maximum

Panel A: Data that varies by subject-period
5,100 1.01 0.88 -3.244 0.6326 3.5945
5,100 62.50 15.48 10 60 90
4,845 0.16 11.89 -80 0 80
4,845 0.44 0.50 0 0 1
4,845 0.10 0.30 0 0 1
5,100 0.03 0.17 0 0 1
5,100 10.50 5.77 1 10.5 20

Panel B: Data that varies by subject
255 0.49 0.50 0 0 1
255 0.71 0.45 0 1 1
255 0.31 0.46 0 0 1
226 4.19 1.23 1 4 7
255 0.54 0.50 0 1 1
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• POSITIVE is an indicator variable that is 1 for the treatments where all payoffs 
are positive irrespective of effort choice and stock price, and zero otherwise. 

• RISK is the subject’s risk attitude, computed from the debriefing survey.  For 29 
subjects, the debriefing survey is not available. 

• MALE is an indicator variable that is 1 for male subjects and zero for females. 
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Table 3 

Variation in subjects’ effort by sub-period 

 
For each subject in each session, the standard deviation of the efforts selected by the 
subject in periods 1 to 5, 6 to 10, 11 to 15, and 16 to 20 is calculated.  This table reports 
the distribution of the standard deviations of subjects’ efforts in each of these sub-periods 
of the experimental sessions.  In each sub-period, more than a quarter of the subjects 
repeated the same effort choice five times, while a few subjects chose very different 
effort levels over the sub-period.  The median and mean values of the standard deviations 
are decreasing over the course of the session. Cuzick's (1985) nonparametric test for 
trend across ordered groups, which is an extension of the Wilcoxon rank-sum test, rejects 
the null that the variation in subjects’ effort choices is unchanging over the course of the 
session with a p-value of 0.000. 

25th 75th
Periods Mean percentile Median percentile Maximum

1-5 7.42 0.00 5.48 11.40 40.37
6-10 6.46 0.00 5.48 8.94 34.93
11-15 5.57 0.00 4.47 8.94 35.78
16-20 5.27 0.00 4.47 8.37 43.82
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Table 4 

Multivariate analysis of the determinants of effort 

 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 

 
 

 
 
 

 
 
 
This table reports the results of a regression of subjects’ efforts on subject and contract 
attributes.  In Panel A, all subjects are pooled.  In Panel B, results are reported separately 
for men and women.  Variable definitions are as in Table 2. The t-values are computed 
from robust standard errors where each subject is treated as a cluster. 

Panel A: All subjects

Coef. t

Intercept 47.94 13.92
OPTION 4.03 1.73
RISK -0.33 -0.50
MALE 2.97 2.09
POSITIVE 3.68 2.28
PERIOD 0.19 3.76
STOCK x E80 14.20 6.79
OPTION x E80 11.08 5.01

N 4,520
F 20.50
R2 0.17

Panel B: Men Women
Coef. t Coef. t

Intercept 51.21 12.62 48.74 5.60
OPTION 4.63 2.19 3.24 0.68
RISK -0.64 -0.81 -0.16 -0.14
POSITIVE 5.07 2.59 1.93 0.69
PERIOD 0.27 4.06 0.07 0.96
STOCK x E80 13.30 5.60 15.27 3.66
OPTION x E80 10.47 4.70 11.92 4.50

N 2,680 1,840
F 24.65 5.81
R2 0.18 0.14
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Table 5 

Multivariate analysis of the determinants of changes in effort 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This table reports the results of regressing the change in a subject’s decision number from 
one period to the next on explanatory variables.  Variable definitions are as in Table 2. 
The t-values are computed from robust standard errors where each subject is treated as a 
cluster. 
 

Coef.
Intercept -4.137
OPTION 0.003
REGRET_ABOVE -3.777
REGRET_BELOW 4.988
POSITIVE 0.526
PERIOD 0.020
LAGEARNNEG -11.797

N 4,845
F 22.890
R2 0.071

t
-1.19
0.02
-10.05
5.91
2.63
1.09
-6.04
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Figure 1 

Evolution of the stock price 
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Figure 2 

Design 2 ex ante expected value of the stock and option contracts as a function 

of the subject’s effort level 
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Figure 3 

Distribution of payoffs under the stock contract in Design 1 for various choices 

of p 

  

  

  

  

 

This figure plots the probability 
distribution of payoffs (i.e., compensation 
less cost of effort) under the stock 
compensation contract conditional on the 
decision numbers 10 through 90, which 
correspond to choices of p from 0.1 to 0.9. 
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Figure 4 

Distribution of payoffs under the option contract in Design 1 for various 

choices of p 

  

  

  

  

 

This figure plots the probability 
distribution of payoffs (i.e., compensation 
less cost of effort) under the option 
compensation contract conditional on the 
decision numbers 10 through 90, which 
correspond to choices of p from 0.1 to 0.9. 
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Figure 5: 

Distribution of subject’s effort choices under each of the six experimental 

treatments. 

 
The first row of graphs display the effort choices under the Option contract in Design 2, 
Design 1 and Design 3, respectively. Similarly, the second row of graphs display the 
effort choices under the Stock contract in Design 2, Design 1 and Design 3, respectively. 
For each combination of design and contract, the  mean and median effort levels over the 
20 periods of play are reported. In Designs 1 and 2, at least one payoff is negative.  In 
Design 3, all payoffs are positive.  In Design 2, an effort choice of 60 maximizes the 
expected payoff.  In Designs 1 and 3, an effort choice of 80 maximizes the expected 
payoff. 
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Figure 6: 

Plot of subjects’ effort levels by period for one experimental session. 

 
Each panel displays the effort levels of a single subject, numbered 2 through 25—the 
number 1 is reserved for the experimenter’s console.  In the panels, the horizontal axis is 
the period of the session and the vertical axis is the effort selected. 
 

 
 
 
 


