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01 Introduction
• This paper documents that riskier firms with higher idiosyncratic volatility grant 

more stock options to nonexecutive employees, while standard models in the 

literature cannot easily explain this pattern. 

• Emphasizing the possibility that stock options are attractive to employees with

“gambling preferences”. 

• The key feature that makes stock options attractive is probability weighting. 

The model fits the data on option grants well when calibrated using standard 

parameters from the experimental literature.

• The results are the first evidence that risky firms can profitably use stock options 

to cater to an employee demand for long-shot bets.



02 The Model
• Variables

𝑤 a take-it-or-leave-it offer of a pay contract made by a risk-neutral firm

𝑇 time to maturity (the contract pays off in 𝑡 = 𝑇)

𝑃𝑇 the stock price at 𝑡 = 𝑇

𝐹(𝑃𝑇) the cumulative distribution function of the stock price 𝑃𝑇

𝜙 fixed salary 

𝑛0 number of options

𝐾 strike price

𝑤 𝑃𝑇 = 𝜙 + 𝑛0max(𝑃𝑇 − 𝐾, 0)

𝑃𝑇 = 𝑃0 exp 𝑟 −
𝜎2

2
𝑇 + 𝑢𝜎 𝑇 where 𝑟, 𝜎, 𝑢 are risk-free rate, firm volatility, 

standard normally distributed random variable respectively.  



02 The Model
◼ Employee Preferences
The employee has preferences according to cumulative prospect theory 

(Tversky and Kahneman (1992)).

(1) An employee evaluates the risky payoffs from her compensation contract 

according to 

𝐸𝜓 𝑣 𝑤 𝑃𝑇 − 𝑅𝑃 = න𝑣 𝑤 𝑃𝑇 − 𝑅𝑃 𝑑𝜓 𝐹 𝑃𝑇

(2) The value function 

𝑣 𝑤 𝑃𝑇 − 𝑅𝑃 = ൝
𝑤 𝑃𝑇 − 𝑅𝑃 𝛼 , 𝑖𝑓 𝑤 𝑃𝑇 ≥ 𝑅𝑃 (𝑔𝑎𝑖𝑛)

−𝜆 − 𝑤 𝑃𝑇 − 𝑅𝑃
𝛼
, 𝑖𝑓 𝑤 𝑃𝑇 < 𝑅𝑃 (𝑙𝑜𝑠𝑠)

where 0 < 𝛼 ≤ 1, 𝜆 ≥ 1, 𝑅𝑃 is a reference point. 

If 𝜆 > 1, then employees dislike losses more than they are attracted by 

equal-sized gains.



02 The Model
◼ Employee Preferences

(3) The probability weighting function transforms cumulative probabilities into

decision weights via the function

𝜓 𝐹 𝑃𝑇 =

− 1−𝐹 𝑃𝑇
𝛿

𝐹 𝑃𝑇
𝛿+ 1−𝐹 𝑃𝑇

𝛿
1
𝛿

, 𝑖𝑓 𝑤 𝑃𝑇 ≥ 𝑅𝑃

𝐹 𝑃𝑇
𝛿

𝐹 𝑃𝑇
𝛿+ 1−𝐹 𝑃𝑇

𝛿
1
𝛿

, 𝑖𝑓 𝑤 𝑃𝑇 < 𝑅𝑃

where 0.28 < 𝛿 ≤ 1 measures the degree of 

probability weighting.



02 The Model
◼ The Problem of the Firm
(4) Offer a compensation contract 𝑤 such that the cost to the firm is minimized while 

providing the employee at least with her reservation value.

→ minimize compensation costs subject to the standard participation constraint of 

the employee

min
𝑛0,𝜙

𝜙𝑒−𝑟𝑇 + 𝑛0𝐵𝑆

s.t. 𝐸𝜓 𝑣 𝑤 𝑃𝑇 − 𝑅𝑃 ≥ 𝑣 ത𝑉 − 𝑅𝑃 ,
𝑛0 ≥ 0 .

ത𝑉 denotes the (nonnegative) outside opportunity of the employee, and ത𝑉 should be 

thought of as the certainty equivalent of a pay contract offered at another firm.



02 The Model
◼ Assumption 1

The reference point RP, over a pay package of 𝑛0 options and a fixed salary of 𝜙, is 

linear in 𝑛0 and 𝜙 and has the functional form

𝑅𝑃 = 𝑛0𝜃 + 𝜙
where 𝜃 represents any payoff expectation or aspiration level the employee holds for 

one option.

In this paper, we set 𝜃 as

• simplified intrinsic option value (the expected future stock price less the strike price 

of the option) 

𝜃 = 𝑃0𝑒
𝑟𝑇 − 𝐾

• the Black-Scholes (1973) option value with maturity equal to T

𝜃 = 𝐵𝑆



02 The Model
◼ Proposition 1
Let BS be the Black-Scholes (1973) value of one option and CE denote the certainty 

equivalent the employee holds for one stock option, which is implicitly defined as

𝐸𝜓 𝑣 max 𝑃𝑇 − 𝐾, 0 − 𝜃 = 𝑣(𝐶𝐸𝑒𝑟𝑡 − 𝜃)

Then the firm has a broad-based ESO plan if and only if 𝐶𝐸 > 𝐵𝑆.

Proof: 

➢ Lemma 1 The prospect value of the contract (𝑛0, 𝜙) does not depend on the base 

salary received and is homogeneous of degree 𝛼 in the number of options 𝑛0 if 

the reference point is given by 𝑅𝑃 = 𝑛0𝜃 + 𝜙:

𝐸𝜓 𝑛0, 𝜙 = 𝐸𝜓 𝑛0 = 𝑛0
𝛼 × 𝐸𝜓 1

➢ Lemma 2 For any optimal contract (𝑛0
∗ , 𝜙∗), the participation constraint is

𝐸𝜓 𝑣 𝑛0
∗ max 𝑃𝑇 − 𝐾, 0 − 𝜃 = 𝑣 ത𝑉 − 𝑛0

∗𝜃 − 𝜙∗

→ 𝐸𝜓 𝑣 𝑛0
∗ max 𝑃𝑇 − 𝐾, 0 − 𝜃 × 𝑣 ҧ𝑉 − 𝑛0

∗𝜃 − 𝜙∗ ≥ 0



02 The Model
◼ Proposition 1

Case1 𝐸𝜓 𝑣 𝑛0
∗ max 𝑃𝑇 − 𝐾, 0 − 𝜃 ≥ 0

The certainty equivalent CE, which depends on both 𝑛0
∗

and 𝜙∗
, is implicitly defined by

𝐸𝜓 𝑣 𝑛0
∗ max 𝑃𝑇 − 𝐾, 0 − 𝜃 ≡ 𝐸𝜓 𝑛0

∗

= 𝐶𝐸 𝑛0
∗ , 𝜙∗ 𝑒𝑟𝑇 − 𝑛0

∗𝜃 − 𝜙∗ 𝛼 = ത𝑉 − 𝑛0
∗𝜃 − 𝜙∗ 𝛼

→ 𝐶𝐸 𝑛0
∗ , 𝜙∗ = ത𝑉𝑒−𝑟𝑇 , ത𝑉 = 𝐸𝜓 𝑛0

∗
1

𝛼 + 𝑛0
∗𝜃 + 𝜙∗

→ 𝐶𝐸 𝑛0
∗ , 𝜙∗ = 𝐸𝜓 𝑛0

∗
1

𝛼 + 𝑛0
∗𝜃 + 𝜙∗ 𝑒−𝑟𝑇 = 𝐸𝜓 𝑛0

∗
1

𝛼 𝑒−𝑟𝑇 + 𝑛0
∗𝜃𝑒−𝑟𝑇 + 𝜙∗𝑒−𝑟𝑇

= 𝑛0
∗ × 𝐸𝜓 1

1

𝛼𝑒−𝑟𝑇 + 𝑛0
∗𝜃𝑒−𝑟𝑇 + 𝜙∗𝑒−𝑟𝑇 = 𝑛0

∗ × 𝐶𝐸 1,0 + 𝜙∗𝑒−𝑟𝑇

= ത𝑉𝑒−𝑟𝑇

Thus, any contract that satisfies the original participation constraint must also       

satisfy  𝑛0
∗ × 𝐶𝐸 1,0 + 𝜙∗𝑒−𝑟𝑇 = ത𝑉𝑒−𝑟𝑇.



02 The Model
◼ Proposition 1

Case2 𝐸𝜓 𝑣 𝑛0
∗ max 𝑃𝑇 − 𝐾, 0 − 𝜃 < 0

The certainty equivalent CE, which depends on both 𝑛0
∗

and 𝜙∗
, is implicitly defined by

𝐸𝜓 𝑣 𝑛0
∗ max 𝑃𝑇 − 𝐾, 0 − 𝜃 ≡ 𝐸𝜓 𝑛0

∗

= −𝜆 − 𝐶𝐸 𝑛0
∗ , 𝜙∗ 𝑒𝑟𝑇 − 𝑛0

∗𝜃 − 𝜙∗ 𝛼
= −𝜆 − ത𝑉 − 𝑛0

∗𝜃 − 𝜙∗ 𝛼

→ 𝐶𝐸 𝑛0
∗ , 𝜙∗ = ത𝑉𝑒−𝑟𝑇 , ത𝑉 = − −

1

𝜆
𝐸𝜓 𝑛0

∗

1

𝛼
+ 𝑛0

∗𝜃 + 𝜙∗

→ 𝐶𝐸 𝑛0
∗ , 𝜙∗ = − −

1

𝜆
𝐸𝜓 𝑛0

∗

1

𝛼
+ 𝑛0

∗𝜃 + 𝜙∗ 𝑒−𝑟𝑇

= − −
1

𝜆
𝐸𝜓 𝑛0

∗
1/𝛼

𝑒−𝑟𝑇 + 𝑛0
∗𝜃𝑒−𝑟𝑇 + 𝜙∗𝑒−𝑟𝑇

= 𝑛0
∗ × − −

1

𝜆
𝐸𝜓 1

1

𝛼
+ 𝜃 𝑒−𝑟𝑇 + 𝜙∗𝑒−𝑟𝑇 = 𝑛0

∗ × 𝐶𝐸 1,0 + 𝜙∗𝑒−𝑟𝑇

= ത𝑉𝑒−𝑟𝑇

→ 𝑛0
∗ × 𝐶𝐸 1,0 + 𝜙∗𝑒−𝑟𝑇 = ത𝑉𝑒−𝑟𝑇



02 The Model
◼ Proposition 1
Case1 and Case2 have the result 

ത𝑉𝑒−𝑟𝑇 = 𝑛0
∗ × 𝐶𝐸 1,0 + 𝜙∗𝑒−𝑟𝑇 → 𝜙∗𝑒−𝑟𝑇 = ത𝑉𝑒−𝑟𝑇 − 𝑛0

∗ × 𝐶𝐸 1,0 .

Combine it with model (4)  min
𝑛0,𝜙

𝜙𝑒−𝑟𝑇 + 𝑛0𝐵𝑆,

the problem becomes 

min
𝑛0,𝜙

ത𝑉𝑒−𝑟𝑇 − 𝑛0
∗ × 𝐶𝐸 1,0 + 𝑛0

∗𝐵𝑆 = min
𝑛0

ത𝑉𝑒−𝑟𝑇 − 𝑛0
∗ × 𝐶𝐸 − 𝐵𝑆

If 𝐶𝐸 > 𝐵𝑆, then 𝑛0
∗ > 0 and 𝑛0

∗ = 0 otherwise, which proves Proposition 1.



02 The Model
◼ Assumption 2
The costs limiting the size of the ESO plan can be described by a strictly increasing 

convex function 𝑐(𝑛0), with 𝑐(0) = 0.

◼ Proposition 2

The number of stock options granted increases in 𝐶𝐸 − 𝐵𝑆.

Proof: 

Introducing a strictly convex cost function 𝑐(𝑛0), the maximization problem becomes 

min
𝑛0

ത𝑉𝑒𝑟𝑇 − 𝑛0
∗ 𝐶𝐸 − 𝐵𝑆 + 𝑐(𝑛0)

The 1st-order condition is 𝐶𝐸 − 𝐵𝑆 = 𝑐′(𝑛0).
Since 𝑐(·) is strictly increasing, 𝑛0 increases in 𝐶𝐸 − 𝐵𝑆, which proves Proposition 2.



03 Calibration of the Model
◼ Parameter setting

• 𝑟 = 5%, 𝑇 = 4 𝑦𝑒𝑎𝑟𝑠 (Huddart and Lang (1996)), ESO is granted at the money

• 𝛼 = 0.88, 𝜆 = 2.25
• Assume risk-neutral pricing throughout



03 Calibration of the Model

The results confirm the intuition: The more individuals overweight small probabilities 

(small 𝛿) and the more small chances of large gains there are (large volatility), the 

more attractive options become.



04 Empirical Tests of the Model
Data

• data set: taken from the Center for Research in Security Prices (CRSP)

Compustat merged database

✓ drop all companies with fewer than 40 employees

✓ drop all companies in the financial sector 

→ Totally 14,612 firm-year observations for 2,228 unique firms

• sample period: 1992~2005

• estimate the number of options granted to nonexecutive employees

• Broadly: all employees of the firm except those listed in ExecuComp

• Narrow: correcting the total number of employees by the executives listed in     

ExecuComp and other high-ranking executives

Variables
• # 𝐸𝑆𝑂 𝑓𝑜𝑟 𝑛𝑜𝑛𝑒𝑥𝑒𝑐𝑢𝑡𝑖𝑣𝑒 = 𝑡𝑜𝑡𝑎𝑙 𝐸𝑆𝑂 − #𝐸𝑆𝑂 𝑓𝑜𝑟 ℎ𝑖𝑔ℎ 𝑒𝑥𝑒𝑐𝑢𝑡𝑖𝑣𝑒
• 𝐸𝑆𝑂𝑃𝑙𝑎𝑛 =

1 #𝑔𝑟𝑎𝑛𝑡𝑒𝑑 𝑜𝑝𝑡𝑖𝑜𝑛𝑠 𝑡𝑜 𝑛𝑜𝑛𝑒𝑥𝑒𝑐𝑢𝑡𝑖𝑣𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑖𝑟𝑚−𝑦𝑒𝑎𝑟 >0 𝑎𝑛𝑑≥ 0.5% 𝑜𝑓 # 𝑠ℎ𝑎𝑟𝑒𝑠 𝑜𝑢𝑡𝑠𝑡𝑎𝑛𝑑𝑖𝑛𝑔



04 Empirical Tests of the Model



04 Empirical Tests of the Model

Goal: show the hypotheses from the 
calibration model
1. higher-volatility firms should be more 

likely to have a broad-based stock
option plan.

2. riskier firms should grant more ESOs
3. stock option grants increase in the degree

of probability weighting.



04 Empirical Tests of 
the Model

associated with a greater likelihood of a 
broad-based stock option plan:
• Higher firm volatility
• Small firm
• High Tobin’s Q
• High R&D expenditures

The negative coefficient on cash flow shortfall 
indicates that less cash-constrained
firms are more likely to grant stock options.



• riskier firms grant more ESOs

04 Empirical Tests 
of the Model



• CPHIGH, that equals 1 if the county 
in which the firm is headquartered 
has an above-median gambling 
propensity

• stock option grants increase in the 
degree of probability weighting

04 Empirical Tests 
of the Model



05 Conclusion

• Firms with high stock return volatility grant more stock options to their 
nonexecutive employees.

• A calibrated model in which a risk-neutral firm bargains with employees with 
cumulative prospect theory preferences can explain the empirical findings 
remarkably well. 

• Suggesting that risky firms can profitably use stock options to cater to an 
employee demand for long-shot bets, which adds a new dimension to the debate 
on the effectiveness of stock option compensation.



Drawbacks

• The lack of available experimental and psychological guidance on how individuals 
set reference points for complex distributions like payoffs from stock options is a 
clear obstacle for using prospect theory in applied work.

• My approach is in reduced form, and I do not solve for the optimal contract. 
Instead, I model contracts based on the structure observed in the data.

• My model implies potentially large savings in wage costs for firms with broad-
based option plans. Good wage data for individual firms are not publicly available 
for most corporations, so this implication is hard to test.


