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1. Introduction

In this paper, we investigate the exercise behavior of employees who

receive non-transferable long-term options on the stock of their employer

(employee stock options or ESOs). We analyze patterns in exercise behavior

from the detailed grant and exercise records of eight corporations.  Together,

these corporations issued options to almost 60,000 employees during the last

decade.  Our results suggest early exercise of ESOs is pervasive, but is not

uniform from grant to grant.  Determinants of exercise for in-the-money

options include recent stock price movements, the market-to-strike ratio,

proximity to vesting dates, time to maturity, and volatility.  While the paper

is primarily descriptive, the results are broadly consistent with predictions in

Huddart [1994] who considers the effect of risk aversion on option exercise.

Our results suggest the assumptions implicit in the Modified Black–Scholes

option pricing formula proposed in a 1993 FASB exposure draft do not apply

to ESOs.

Coopers and Lybrand (1993) document the increasing importance of

stock options in employee compensation over the last decade.  The popularity

of options has been attributed to the absence of a charge against accounting

income for most option compensation, favorable tax treatment, and the

positive incentive effect of linking employee compensation to share price.

However, little is known about stock options in general, and employee

exercise behavior in particular.  In part, the poor understanding of ESOs is

attributable to the paucity of publicly available data.  Disclosure in the annual

report typically is limited to a general description of the stock plans; the

aggregate number of options outstanding, issued, exercised, and surrendered

during the year; and the range of strike prices.  Disclosures mandated by the

SEC in proxy statements and Forms 3, 4 and 5 cover just a small proportion of

employees receiving options in companies with broad-based option plans and

do not provide complete detail on the options held.  Moreover, the exercise

behavior of officers is likely to differ significantly from that of lower-level
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employees because officers must publicly reveal exercise of ESOs, while other

employees are exempt from this SEC requirement, and because officers may

differ in risk preference and liquidity needs from other employees.

In this study, we analyze internal corporate records detailing

substantially all grant and exercise activity by employees at eight firms over

the last decade.  Our sample includes a range of firms–one large industrial

company, one large high-technology company, two financial services

companies, three small high-technology companies that undertook initial

public offerings, and an employee-owned service company.  These data allow

us to investigate the general nature of grant and exercise activity and the

factors associated with exercise.

An understanding of employee exercise behavior is important to the

Financial Accounting Standards Board's (FASB's) deliberations on the

accounting for stock compensation.  In 1993, the FASB issued a controversial

exposure draft that would have required companies to recognize

compensation expense for the value of stock options granted to employees.

The key issue in the subsequent debate over the proposal has been whether

the value of employee stock options is estimable with adequate precision and,

if so, what measurement method to use.  Evidence on option exercise

behavior is crucial to the choice of valuation approach, the selection of

valuation assumptions, and estimation of the precision of computed option

values.1   Further, once requirements have been established by the FASB,

evidence on exercise behavior will be important to corporations in deciding

                                                
1 It is straightforward to illustrate the importance of exercise behavior on the valuation of

ESOs.  For simplicity, consider an American at-the-money option on a stock paying no
dividends.  The expected cost of the dilution suffered by the existing shareholders is a
function of the employee's exercise policy.  Suppose the employee's policy is to exercise the
option only at maturity and only if the option is in the money.  Then the Black–Scholes
value approximates the expected cost to the existing shareholders at the date of grant.
Now suppose the employee's policy is to exercise the option on the first occasion it is in the
money.  Then the expected cost is nearly zero.  In practice, the exercise policy of employees
(and the expected cost to shareholders) lies somewhere between these extremes.
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what value to assign to options for financial reporting purposes and to

investors in interpreting the disclosure.

Evidence on exercise behavior is also important in other contexts.  The

SEC requires that proxies state a value for the options granted to the five most

highly compensated employees.  To date many of these values have been

computed using the Black–Scholes formula (Yermack, 1995), but regulation S-

K §229.402 permits options to be valued under "any option pricing model."

Thus, corporations face the same issues in complying with the SEC

requirements as they would under the FASB's proposal.  Further,

corporations and compensation consulting firms also estimate stock option

value for internal decision-making purposes.  An understanding of employee

exercise patterns is necessary for accurate estimation.

Beyond the implications for valuation, this research improves our

understanding of compensation more generally.  One often-cited motivation

for increased use of stock options is their effect on employee incentives.

These incentive effects depend on when and why employees exercise their

options.  For instance, the duration of the incentive clearly differs if

employees exercise options for cash immediately on the vest date rather than

holding them until expiration, especially since many options have ten year

lives but vest over four years.

Finally, the research provides insight into individuals' financial

decision-making.  Research on publicly traded stock options (TSOs) shows a

call option is generally worth more than the difference between the strike

price and current stock price and, therefore, exercise at expiration is generally

optimal.  The extent to which employees sacrifice option value by exercising

ESOs early provides evidence on the importance of factors like risk and

liquidity in decision-making.

In the next section, we discuss stock options, the FASB’s proposal, and

the issues addressed in this paper.  In the third section, we describe the data.

The fourth section presents univariate and regression analyses.  Section five

concludes the paper.
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2. Accounting Background

Accounting Principles Board Opinion No. 25 (APB 25),      Accounting for

Stock Issued to Employees    specifies the current U.S. accounting treatment for

employee stock options.  Under that standard, the measurement date for stock

options is the date on which the terms of the option are first known.  For

fixed stock options, this is the grant date.2  No compensation expense is

recorded unless the market price of the stock exceeds the strike price on the

measurement date.  While standard setters recognized that at- or out-of-the-

money options had value, it was not clear how to measure value.  APB 25,

which was passed in 1972, antedates seminal options research by Black and

Scholes (1973), Merton (1973), and Cox et al. (1979).

Two concerns prompted the FASB's reexamination of stock option

accounting.  First, financial statements are not "representationally faithful"

because a component of compensation does not figure in the computation of

net income.  Second, the accounting for stock options is not "neutral" since

APB 25 appears to discourage use of in-the-money options and variable

options compared with fixed stock options.

In June 1993, the FASB issued an exposure draft,   Proposed Statement of

Financial Accounting Standards:  Accounting for Stock-based Compensation   .

In the summary to the exposure draft, the FASB noted:  "during the last 20

years mathematical models to estimate the fair value of options have been

developed to meet the needs of investors" and "software available for

personal computers reduces the application of those models to a fill-in-the

blank exercise."  Therefore, the exposure draft proposed recognition of an

expense for fixed stock options at the grant date.  Recognizing the potential for

early exercise, the Board proposed to determine expense by the so-called

                                                
2 Fixed options are those whose terms are specified at grant date.  Variable options are

options whose terms (e.g., number of shares to be issued or strike price) are determined by
future events.  Compensation expense for variable options is determined in the same way as
for fixed options except that measurement typically occurs at a later date (when the terms
are known).
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Modified Black–Scholes formula, in which the expected time to exercise

replaces the option's stated term.  Concerned that incentives would exist to

understate the expected life of the option, the Board proposed to adjust

expense if the realized time to exercise differed from the expected time to

exercise.3

The Board's position was based on the assertions that:

o employee stock options have value,

o valuable financial instruments given to employees are

compensation,

o compensation cost, including the estimated value of

employee stock options, is properly included in measuring

net income, and

o the value of employee stock options can be estimated within

tolerable limits for inclusion in financial statements.4

Opposition to the standard was unprecedented.  The debate initially

focused on the alleged adverse economic consequences of the proposed

standard, the conceptual issues of whether an option grant is an expense or a

capital transaction, and the lack of clearly identified demand for recognition

of option compensation expense (as opposed to disclosure in the notes).

However, the FASB ultimately became most concerned with determining the

                                                
3 The adjustment would equal the difference between the option value at grant using the

realized time to exercise and the amount originally recognized.  This feature probably will
not be included in the final standard because it yields a counter-intuitive result.   Options
that are outstanding for long periods of time because of poor stock price performance (and
that, ex post, are less valuable) result in a higher charge against income than options
exercised earlier than expected.  However, the issues of how to compute expected life and
how to guard against systematic underestimation of expected option life remain.

4 Letter dated December 15, 1994 from Joseph V. Anania, FASB Task Force Chairman, and
Diana W. Willis, FASB Project Manager, to Participants in the April 18, 1994 Roundtable,
Respondents to the December 2, 1994 Pre-Meeting Questionnaire, and Other Interested
Parties.
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appropriate measurement approach for valuing stock options and

establishing collateral disclosures.

At a December 1994 meeting, the FASB voted to require the disclosure

of option value but to make recognition in the income statement voluntary.

While the Board still believes recognition is most appropriate, the decision

reflects the difficulty of assigning a value to options.  How to assign a value

and what additional disclosure to require remain to be settled.

The primary measurement issues with respect to ESOs result from the

fact that the assumptions underlying the Black–Scholes option pricing

formula apply to publicly traded stock options.  TSOs differ from ESOs because

employees who hold ESOs cannot sell them.  The Black–Scholes formula is

predicated on the fact exercise of transferable options takes place at predictable

points in the option's life–generally at expiration.  This is because the option

is worth more than the difference between the current market price and the

strike price and can be sold rather than exercised if the holder wishes to

liquidate her position.

But if options are not transferable, factors like risk aversion and

liquidity needs in imperfect capital markets complicate exercise behavior and

make valuation more difficult.5  Incorporating the expected time to exercise

                                                
5 The argument depends on the inalienability of options.  It might seem that an attractive

arbitrage opportunity exists for a third party to purchase options from employees who want
to reduce their position in their employer's stock.  The third party could offer to pay less
than the market value of a similar TSO, but more that the difference between the market
price and strike.  On average, a third party who held the option to expiration would
capture the difference between the price paid and the market value.  According to several
industry experts we consulted, no such market exists.

There are substantial legal impediments to such arbitrage.  The passage below typifies
restrictions on the transfer of options granted to employees under a long term incentive plan:

No Award (other than Released Securities), and no right under any such Award,
shall be assignable, alienable, saleable, or transferable by a Participant otherwise
than by will or by the laws of descent and distribution (or, in the case of an Award
of Restricted Securities, to the Company); provided, however, that, if so
determined by the Committee, a Participant may, in the manner established by the
Committee, designate a beneficiary or beneficiaries to exercise the rights of the
Participant, and to receive any property distributable, with respect to any Award
upon the death of the Participant.  Each Award, and each right under any Award,
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into the analysis in the manner outlined in the exposure draft could result in

substantial misvaluation of the underlying options because the Modified

Black–Scholes method does not reflect the decision rules used by employees.

An option valuation formula based on exercise as a function of time alone is

not descriptive.  Thus, the cost to the employer corporation of granting non-

transferable options to risk-averse employees may well differ from the

Modified Black–Scholes value proposed in the exposure draft.

Most empirical research on stock options has focused on the size of the

adjustment to compensation expense the 1993 exposure draft would require.

Coopers & Lybrand (1993) and Foster et al. (1991) quantify the effect of

retrospective application of the proposal on companies’ net income and

shareholders’ equity.  The proposal would have had a substantial effect on

reported profitability in the period studied.  Coopers & Lybrand estimates the

average reduction in net income after the phase-in period would have been

3.4% for mature companies and 26.5% for emerging companies.  Further, they

show option valuation is sensitive to underlying assumptions, particularly

the term of the option and the expected stock price volatility.

In related research, Hemmer et al. (1994b) consider the influence of risk

diversification on 110 exercise decisions by top executives during 1990.  They

find the willingness to sacrifice option value by early exercise is an increasing

function of the volatility of the option value.  Other compensation that

serves as a hedge against fluctuations in option value mitigates the effect of

volatility on early exercise.

There has been some recent effort to develop valuation methodologies

for employee stock options.  Huddart (1994) illustrates how to incorporate the

effects of inalienability and risk aversion on employee exercise decisions

                                                                                                                                                

shall be exercisable, during the Participant's lifetime, only by the Participant or,
if permissible under applicable law, by the Participant's guardian or legal
representative.  No Award (other than Released Securities), and no right under any
such Award, may be pledged, alienated, attached, or otherwise encumbered, and
any purported pledge, alienation, attachment, or encumbrance thereof shall be void
and unenforceable against the Company or any Affiliate.
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within the binomial pricing framework of Cox et al. (1979).  As in the

Black–Scholes derivation, risk-neutral employees exercise options on non-

dividend-paying stocks only at expiration.  However, Huddart argues risk-

averse employees generally will find it optimal to exercise options before

expiration, even for stocks paying no dividends.

Carpenter (1994) illustrates the effects of employee resignations

prompted by employment opportunities outside the firm.  Since the

employee must forfeit unexercised options on termination of employment,

exercise of in-the-money options precedes departure.  The exercise decision is

correlated with both the stock price level and the time remaining until the

options expire.  The intuition from Carpenter [1994] and Huddart [1994] is that

employees exercise options when the market-to-strike ratio is high.  On the

other hand, Cuny and Jorion (1995) argue employees are more likely to

remain with their current employer and not exercise options as the stock

price rises.  These models indicate the potential significance of early exercise.

They also suggest factors that may contribute to early exercise.  Empirical

evidence on employee exercise behavior is necessary to determine how

important the considerations identified in those models are likely to be in

practice.

3. Data

Our analysis is based on employee-by-employee grant and exercise

records for eight companies that issued stock options to 58,316 employees

over the past decade.  Table 1 provides descriptive data on the sample

companies.  The companies supplying data requested anonymity.

Accordingly, we identify them by a letter code only.  Companies A-D are listed

on the NYSE.  They each have 1992 market capitalization over $1 billion, net

income over $50 million and more than 10,000 employees.  Company A is

diversified.  Company B is an electronics company.  Companies C and D are

financial institutions.  The stocks of these companies have been publicly
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traded for at least a decade.  Companies E, F, and G are smaller companies in

the computer industry.  The stocks of these companies were first listed on

NASDAQ in the last decade.  All three had 1992 market capitalization of less

than $1 billion, net income of less than $50 million and fewer than 10,000

employees.  Company H is an employee-owned corporation.  The stock of

company H is traded at a price established by formula only (i) among

employees and (ii) between the corporate treasury and employees.  The

market capitalization indicated by the formula price in 1992 is less than $1

billion.  In 1992 net income was less than $50 million.  Company H has more

than 10,000 employees.

[TABLE 1]

Our sample includes a range of companies, which allows us to

investigate the robustness of the results across a variety of settings.  Further,

the presence of three firms that recently went public allows us to investigate

the issues for the firms of great concern to many commentators—emerging

high technology firms for which a change in accounting for options could

greatly affect reported results and, allegedly, the continued use of option-based

compensation and capital markets access.

The companies in our sample volunteered to participate after the

FASB circulated a data request to participants in its field study.  The data

request indicated that researchers were interested in studying employee stock

options in connection with the FASB's ongoing deliberations on this topic

and encouraged companies to consider contributing data to the study.  In

turn, some field study participants circulated the request to other interested

parties, including at least one industry association.  We also expressed our
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interest in studying grant and exercise records at a public meeting on stock

compensation held in the FASB's offices.6

These methods of data solicitation create the possibility of selection

bias.  While it is impossible to quantify the effects of biases (if they are present)

on our analysis, the incentives of firms to participate in the study provide a

basis for speculation.7  Assuming that the sample companies (like most

companies with substantial stock option plans) opposed recognition of

compensation expense for stock options, firms participating in our study may

have felt that results of an analysis employing their data would dissuade

FASB from requiring recognition of stock option compensation expense.  At

the time firms agreed to participate, the most significant issue before the

FASB was whether option value could be estimated with sufficient precision

to be recorded on the income statement.  To buttress the case against

recognition, firms for which employee exercise is most difficult to predict may

have been more likely to participate in our study.  If so, the selection bias

would reduce our ability to explain exercise behavior.

Because our interest is in employee exercise behavior, another concern

is that employees of the sample companies behave in a manner that is

systematically different from employees at other companies.  Our discussions

with the data providers gave us no indication that the exercise behavior of

employees at the sample firms was in any way special or unusual.

It is possible to gain further insight into the representativeness of our

sample by comparing our data with the features of option programs and stock

return volatilities for US firms documented in other studies:

o Aboody (1995) summarizes the vesting schedules for 478 US

public firms for which outstanding fixed options exceeded five

                                                
6 Because the list of FASB field study participants remains confidential,  we do not know

which companies participated in the field study, nor do we know whether the companies
who contributed data to our study are members of the field study.

7 The discussion of potential selection biases is based only on our conjecture.
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percent of outstanding common stock in 1988.  He reports that

for 44% of these firms, options vest ratably over four years.  A

variety of other vesting schedules are present in Aboody's

sample, but in almost every case options are fully vested by the

fifth anniversary of the grant date.  Our data set includes three-,

four-, and five-year vesting schedules.

o All of the options in Aboody's sample have either five or ten

years to expiration.  Our data set includes both five-year and ten-

year options.

o Aboody reports that exercise is spread over the life of the option.

Hemmer et al. (1994b) find exercise before maturity is common

in a sample of exercise decisions by top executives.  Early exercise

is pervasive in our data as well.

o Alford and Boatsman (1995) summarize the volatility of the

common stocks of US public companies in the period 1966 to

1993.  The median volatility over 13,851 firm-periods is 41.5

percent.  The 25th and 75th percentiles of the distribution are

30.9 percent and 54.8 percent, respectively.  In table 1, panel A,

the stock price volatility of listed companies in our sample

ranges from 22 to 62 percent.

Table 1, panel B provides benchmark stock returns, volatilities and

dividend yields for companies in the same 2-digit SIC codes as our sample.  In

general, our sample companies are comparable with other firms in their

industries.  While the stock returns for the sample firms are often higher

than for the average firm in the industry, the sample firms are generally

within a standard deviation of the average firm.  Volatilities are quite

comparable for the publicly-traded firms.  Company H exhibits substantially

lower stock price volatility than the publicly-traded firms in its industry.  The

sample firms that do not pay dividends (Companies E-H) are in industries in

which a minority of firms pay dividends.  Dividend yields for sample firms
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that do pay dividends tend to be higher than for the average firm in their

industry.  This is because a significant proportion of firms in those industries

do not pay dividends.

Overall, the sample companies appear to be comparable to firms

examined in previous studies and to other firms in their industries.

However, the possibility of sample selection bias cannot be dismissed.

4. Exercise Behavior

Our empirical analysis provides evidence on four primary questions:

o To what extent are options exercised before expiration?

o Assuming exercise does occur before expiration, does exercise

cluster around specific, predictable points during the option’s

life?

o To what extent is exercise predictable based on past history or

comparison across companies?

o What factors other than time to exercise appear to be

determinants of exercise?

Our first set of analyses is a description of exercise as a function of the

options' time to expiration.  To the extent exercise clusters around certain

dates and is consistent across grants, time since grant may be an important

determinant of exercise policy.  Next we consider the relation between

exercise and calendar time.  To the extent events occurring at the company

level induce employees to exercise, patterns should be evident in exercise

activity as a function of calendar time.  Third, we examine exercise as a

function of other factors including stock price variables.  If exercise is

sensitive to risk aversion, it should be evident in the relation between recent

stock price movements and exercise.  Finally, we break down exercise by
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employee level to investigate whether systematic differences in exercise

patterns are attributable to employees' positions within the company.

Before discussing exercise behavior, it is helpful to have some

understanding of the grants made to employees.  All options in the sample

are fixed stock options with strike prices equal to the market price on the date

of the grant.  As shown in panel C of table 1, Company A issued ten-year

options that vest annually in increments of 25% over three to four years.  For

Companies B and C,  options included in the analysis are all ten-year options

vesting ratably at 25% per year.  Company D issued ten-year options that vest

ratably over three years.  Companies E and F stock options with somewhat

more complex terms and vesting provisions.  Company E issued ten-, six- and

five-year options that vest over various schedules.  Company F issued ten-

year options that vest monthly over four to five years.  Company G issued

five-year options that vest ratably over three to four years.  Company H issued

only five-year options that vest annually in increments of 10% to 40% over

four years.

Panel D of table 1 relates the Black–Scholes value of the options

granted in 1992 to the number of employees, the number of optionees, and

the net income for the year.  The Black–Scholes value overstates the cost of

these options because it neglects the cost-reducing effect of early exercise.

Even assuming the Black–Scholes value overstates the expected cost by 50%,

the cost exceeds 10% of net income for half the firms.  Consistent with

Coopers & Lybrand (1993), options are a much higher fraction of

compensation at emerging firms than at mature firms.  On average, options

are an important component of compensation.  In our sample, the

Black–Scholes value ranges from $1,500 to $52,000 per optionee in 1992.

[TABLE 2]

Data on the employees granted options indicate option grants extended

deep into the organization.  Options were granted to 14,832 employees in
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Company A, 24,126 in Company B, 608 in Company C, 1,068 in Company D,

575 in Company E, 729 in Company F, 3,232 in Company G and 13,146 in

Company H at some time during the sample period.  Table 2, panel A

presents descriptive data on the grants for the sample companies.  Taking the

mean across years in the sample, the percentage of employees receiving

options ranges from 0.8% for Company C to 70.2% for Company F.  The other

computer companies, D and E, also issue options to a substantial percentage of

employees, with medians of 32.4% and 55.2%, respectively.  While it is

difficult to disentangle the effect of industry from the effect of size, the high

percentage for Company B, 9.2%, is consistent with a tendency for firms in

high-technology industries to issue options to more employees (Aboody, 1995

and Sterbenz et al., 1993).

Table 2, panel A also presents data on the range of percentages of

employees receiving options across years.  There are substantial differences

from year to year for most sample companies.  Further, for most companies

the percentage of employees receiving options increases monotonically over

the sample period.

Table 2, panel B presents options granted each year as a percentage of

shares outstanding at year-end.  The mean percentage ranges from 0.5% for

Companies A and C to 8.6% for Company G.  The pattern across companies

and over time is similar to that for the percentage of employees receiving

options.  Since options are typically outstanding for several years, options

outstanding are a large fraction of shares outstanding, particularly for

Companies E to H.

Table 2, panel C describes the number of grants during a year by

company.  These data are important for structuring the empirical tests.  The

number of grants per year illustrates how grant policies vary across

companies.  At the extremes, Company B has a general option grant once per

year, with additional grants in some years based on merit, while Company G

issues options on employees' hiring and promotion anniversaries.  Because

strike price is generally equal to market price at issuance, and vesting and
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expiration are based on grant date, companies that issue options more

frequently have a wider variety of options outstanding at any point in time.

Table 2 also summarizes the number of options issued on a grant date,

the number of employees receiving options and the number of options per

employee.  Most grants represent many thousands of options granted to a

number of employees.  Each employee typically receives options on hundreds

of shares.  However, there is also a substantial range across companies.  In

particular, Companies A, D, and G often grant options to only a few

employees on a given grant date.  The number of options per employee is

tightly clustered for all companies, but each company's distribution has a

substantial right tail: the maximum value is at least thirty-five times as large

as the median value.

4.1. Univariate Analysis of Exercise Activity

Table 3 presents data on exercise activity by employee.  While our data

do not specify the ultimate disposition of the options, our discussions with

the data providers suggest that employees generally sell shares acquired on

exercise.8  Often, employees undertake a "cashless exercise" in which a

brokerage firm delivers the employee the difference between the strike and

market price at exercise.  Immediate sale of stock acquired on exercise is

consistent with risk reduction and liquidity motives for early exercise, as well

as bearishness on the employer's stock.

[TABLE 3]

Table 3, panel A presents the fraction of options issued to an employee

in one grant that are exercised together.  The typical employee exercises her

grant in a few large transactions.  The median fraction exercised ranges from

                                                
8 A few key employees at companies C and H have share ownership targets set by top

management.  These key employees may hold the stock acquired on exercise of the options.
We do not know which employees are subject to ownership targets.
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0.13 for Company F to 1.00 for Company H.  Further, for all companies but

Company F, the ninetieth percentile of exercise is 100% of options granted.

Note, however, the data may be biased downward because the sample

includes options that had not expired as of the end of the sample period.

Table 3 also presents data on the fraction of life elapsed at exercise.  The

medians range from 0.21 for Company G to 0.92 for Company H.  This

suggests employees do not exercise primarily at expiration.  Data for the tenth

percentile range from 0.05 to 0.39, which indicates many employees exercise

within a year or two of grant.  Further, the ninetieth percentiles range from

0.39 of option life for Company F to 0.99 for Company H.

Finally, table 3 presents the difference between the market price and the

strike price at the time of exercise as a fraction of the Black–Scholes value

computed on the exercise date.  The median value for the variable ranges

from 0.55 to 0.99 over the companies in our sample.  A low value indicates

employees sacrifice a large portion of the option's expected value if held to

expiration.  The value sacrificed is greatest in the large public companies,

namely A to D.  The value sacrificed in company H is negligible.  This is

because employees at company H tend to hold options until maturity.  The

value sacrificed is also low for companies E to G.  These start-up companies

that options with very low strike prices to employees before going public.

Because the strike price on these options is a small fraction of the post-IPO

market price, the intrinsic value of the option at any time subsequent to the

IPO nearly equals the option's Black–Scholes value, so value sacrificed is low.

[FIGURE 1]

Additional evidence on exercise patterns is available in figure 1.  The

unit of observation in the figure is an individual employee's decision to

exercise one or more options from a given grant.  There are 85,853 exercise

events.  The frequency of these events are plotted along two axes.  One axis

records the time of exercise, measured from the date of grant.  This axis is
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divided into six month intervals.  The second axis records the percentage of

options issued to an employee in one grant that are exercised together.  This

axis is divided into intervals that represent ranges of five percent.  Consistent

with table 3 panel A, the distribution across exercise percentages suggests

employees typically exercise options in large blocks.  By far the most common

block sizes are 25%, 50%, 75% and 100% of options granted.  Looking over the

life of the option, the mode for 25% exercise occurs in the first six months of

the second year of option life, for 50% exercise occurs in the first six months of

the third year of option life, for 75% exercise occurs in the first six months of

the fourth year of option life, and for 100% exercise occurs in the second half

of the fifth year of option life.  The peak at the beginning of the second year of

option life and 25% of options granted suggests that many employees exercise

the maximum permissible number of options shortly after the first vesting

anniversary.  The other peaks indicate some employees wait past this

anniversary, but then exercise all available options soon after a subsequent

vesting date.  Further, the graph confirms that much exercise takes place well

before expiration.

[FIGURE 2]

The left-hand panel of figures 2a–h present cumulative monthly

exercise as a percentage of options granted for Companies A–H.  Time is

measured in months since the grant date.  Each line corresponds to the

options granted in a single calendar year.  Where a company made more than

one grant in a year, the amount granted is the sum of the grants made in the

year, and the amount exercised in a month is the sum of the amounts

exercised from each of these grants.  The figures for Companies A-G reinforce

the conclusions for average exercise policy drawn from figure 1.  At Company

A, employees exercised approximately forty percent of options granted in the

first half of the options' lives.  This is striking because these options vest over

three to four years.  That option exercise is spread over time has implications
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for valuation.  The default option pricing model suggested in the FASB

exposure draft assumes all exercise occurs at the expected exercise date.  The

proposal ignores the concavity of the Black–Scholes option pricing formula

with respect to time.  As pointed out by Hemmer et al. (1994a), the value of a

five-year option and a seven-year option is less than the value of two six-year

options.  To the extent exercise is spread over time, the FASB's methodology

assigns too high a value to options.

For Companies B to D, exercise occurs somewhat later than at

Company A, but most exercise occurs well before expiration.  Analyses of

Companies E and F are limited because the companies only began issuing

substantial numbers of options late in the sample period.  Additionally,

Company E issues options with a variety of lives.  Nevertheless, the evidence

suggests as much of a tendency toward early exercise as for the more

established companies.  Company G issues five-year options and, for many

grants, exercise appears to occur relatively early.

Besides evidence on the average time to exercise, the figures also

provide insight into the estimability of option exercise based on experience.

The FASB's exposure draft suggested options be valued at the grant date using

the expected time to exercise, with a catch-up adjustment later to set the time

parameter to reflect actual exercise experience.  To the extent that exercise is

difficult to predict ex ante, the resulting valuation estimates (and the charge

against net income) would be unreliable at the grant date.  The later catch-up

adjustment would tend to be large and increase the variability of reported net

income.

The dispersion across grant-years in figure 2 indicates exercise patterns

vary greatly.  Even for the largest company, the median exercise time (i.e., the

time when cumulative option exercise reaches fifty percent) ranges from five

to seven years.  The variability for the other large companies is comparable

and, for the smaller companies, even greater.  In addition, the differences

across companies suggest using one company as a basis for another company’s

expected exercise experience (as has been suggested, for example, with newly
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public companies) is unlikely to improve estimates much.  Absent specific

guidance on the construction of an estimator of expected life, the grant-over-

grant variation in exercise patterns also suggests that preparers of financial

statements will have wide latitude to select an expected time to exercise.

The fact that exercise patterns differ across companies and grants

within a company begs the question:  What factors appear to determine

exercise activity? Company-wide (e.g., stock price history) or economy-wide

(e.g., changes in tax regulations or macro-economic conditions) factors might

influence exercise policy.  An approach to isolating those types of effects is to

examine the data in calendar time, as opposed to time elapsed since the grant

date.  The right-hand panels of figures 2a–h contain the same cumulative

exercise lines as in the left-hand panels, but the lines are aligned in calendar

time instead of time since the grant date.  For each company, the mid-month

stock price also is plotted in the right-hand panel.  If the option is out-of-the-

money in a given month, then a black dot is overlaid on the cumulative

exercise curve.

It is apparent from figure 2a that exercise clusters across grants in

certain months.  Further, those months appear to coincide with periods of

substantial price appreciation.  This result is not sensitive to exclusion of out-

of-the-money options.  Thus, stock price movements appear to be an

important determinant of exercise for in-the-money options.  This

observation stands in sharp contrast to what we would expect to see for TSOs,

since exercise before expiration is generally sub-optimal and not a function of

either the market-to-strike ratio or recent share price movements.  On the

other hand, numerical simulations in Huddart (1994) and Carpenter (1994)

suggest non-transferability precipitates early exercise when the stock price

crosses a threshold market-to-strike ratio.

The patterns for the other companies in figures 2b–g lead to similar

conclusions.  Movements in stock price are clearly important in explaining

exercise.  For example, figure 2b suggests substantial clustering of option

grants in the last two years of the sample period coincident with substantial
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stock price appreciation.  Similar clustering in exercise activity is apparent for

the other sample companies.

Figure 2h stands in sharp contrast to figures 2a to 2g.  Most employees

at Company H wait until just before expiration to exercise the options they

hold.  Relative to Companies A–G, at Company H there is high correlation

across grants in cumulative exercise measured from the grant date.  Also,

exercise at Company H on average occurs much closer to the expiration date

of the stock option than at any other company.  It is apparent from the figure

that Company H's stock price is much less volatile and more predictable than

the stock price of any other sample company.  In fact, Company H's stock price

is an internally generated function of financial accounting earnings and book

value.9  Because the stock price process is more stable, the probability

distribution representing the beliefs of an employee at Company H about his

options' intrinsic value at any future time likely is more concentrated than

the probability distributions in the minds of employees at Companies A-G.

Thus, options on the stock of Company H are much less risky.  Huddart and

Lang (1994) and Kulatilaka and Marcus (1994) argue that reductions in stock

price volatility lead to later exercise.  The finding that exercise occurs much

later at Company H is consistent with the predicted interaction of risk

aversion and volatility: employees are willing to hold less risky options

longer.

4.2. Regression Analysis

The preceding analysis suggests both time to expiration and stock price

movements are important determinants of employee exercise activity.  To

address these issues formally, we estimate regressions of the percentage of

options exercised as a function of various explanatory variables including

stock price measures and time to expiration.

                                                
9 Company H makes a market in its own stock.  Employees are free to sell shares acquired on

exercise of options in this market.  The market-maker ensures demand equals supply at the
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A primary consideration for the regressions is the appropriate unit of

analysis.  There are several issues.  First, because we have records for almost

60,000 employees (most of whom participated in several option grants) and

daily data on exercise activity, some degree of aggregation is necessary.  For

our primary regressions, we aggregate activity on a grant-month basis.  For

every grant, there is one observation for each month the grant was

outstanding.  The dependent variable is the number of options exercised from

a specific grant in a given month divided by the number of options originally

issued in that grant.  In addition, for some of the analysis, we disaggregate

based on a proxy for an employee's level in the company.  There the

dependent variable is the number of options exercised by employees at that

level during the month divided by the number of options originally issued to

those employees in that grant.

The number of employees who receive options and the total number

of options issued varies over time and across companies.  Since the

dependent variable, options exercised as a fraction of options granted, is an

average over the number of employees included in the grant, we expect the

variance of the disturbance term to decrease as the number of employees

included in a grant increases.  To account for this heteroskedasticity, we

estimate weighted least squares regressions.  The weight is the same for each

month of a given grant and is inversely proportional to the square root of the

number of employees included in the grant.  By-company results weighting

based on options issued are very similar.

The explanatory variables include three returns variables, two

variables based on the market-to-strike ratio, a measure of volatility, and a

variable based on recent vesting:

                                                                                                                                                

formula price through discretionary mechanisms such as stock purchases for the company
ESOP.
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o forty-five day return ending fifteen days prior to the exercise

month;

o fifteen day return immediately prior to the exercise month,

o return over the exercise month;

o market-to-strike ratio on the first day of the exercise month

(MTS);

o market-to-strike ratio on the first day of the exercise month

squared (MTS
2
);

o share price volatility measured as the standard deviation of log

returns over the 250 trading days preceding the exercise month;

and,

o in months where the market-to-strike ratio exceeds 1.15, the

number of options that vested in the prior three months as a

fraction of the total options granted.

The market-to-strike ratio is included in the regression to reflect the

fact that in models like Huddart [1994], risk averse employees exercise stock

options at a threshold market-to-strike ratio that is a function of their level of

risk tolerance.  The market-to-strike ratio squared is included to capture

potential nonlinearities between the market-to-strike ratio and option

exercise.  In particular, assuming that risk tolerances vary across employees

and are drawn from a unimodal probability distribution, the threshold

market-to-strike ratios of individual employees will also be drawn from a

unimodal distribution.  Very little exercise will take place at a market-to-

strike ratio close to unity because very few employees’ market-to-strike

thresholds will have been exceeded.  As the stock price increases, the

threshold market-to-strike ratios of more employees will be crossed and

exercise will increase.  However, at high market-to-strike ratios most

employees’ thresholds will already have been reached, so a given increase in

market-to-strike ratio will result in less of an increase in exercise.  Including
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MTS and MTS
2
 in the regressions permits this potential non-linearity.  The

coefficient on MTS is predicted to be positive and the coefficient on MTS
2
 is

predicted to be  negative.  In addition, contemporaneous and lagged returns

are likely to be associated with exercise since exercise is more likely if a given

market-to-strike ratio has only recently been reached.  The volatility measure

captures the notion that an increase in price variability will tend to cause

increased exercise by risk-averse employees.

The vesting variable is included to capture the fact that exercise is

constrained by the vesting schedule.  Figure 1 suggests that many options are

exercised shortly after they vest, but in the figure each exercise decision is

weighted equally regardless of the number of options exercised.  The vest

variable allows us to test whether the proportion of options exercised shortly

after vesting is significant.  The variable takes on non-zero values only in

cases in which MTS is greater than 1.15 because exercise is most likely to be

undertaken at the vest date when the market price exceeds the strike price by

a sufficient margin to justify exercise.10

We also include three other variables:

o fraction of grant available at the beginning of the exercise

month,

o years remaining from the beginning of the exercise month until

expiration, and

o vested, unexercised options that will be canceled within three

months, expressed as a fraction of options granted.

                                                
10  The choice of three months of vesting activity and 1.15 as a market-to-strike cut-off is

arbitrary.  Results are consistent for a vesting activity measured over periods ranging from
one month to six months and for market-to-strike cut-offs of 1.00 to 1.50.
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The fraction of grant available captures the cumulative effects of

vesting and past exercise.11   Theory predicts the tendency to exercise increases

when the intrinsic value of an option approaches its total value.  As

expiration approaches, the intrinsic value of an option approaches its total

value.  The life left variable captures this effect.  The life left variable also

allows us to control for the possibility that the threshold value at which

employees choose to exercise their options varies as a function of the time

remaining to maturity.

The option cancellation variable captures the effect of employment

termination (dismissal, resignation, retirement, or death) on exercise

behavior.  In general, employees have a pre-specified period following

termination in which to exercise their options.12   We compute the

cancellation date from the termination date provided by the company and the

company’s policies on options of terminated employees.  The cancellation

variable reports the number of vested, unexercised options (expressed as a

fraction of the grant) that will be forfeited unless they are exercised within the

next three months.  We expect the coefficient on this variable to be positive

and less than one third reflecting the fact that these options must be exercised

or forfeited within three months.

[TABLE 4]

Table 4 presents descriptive statistics for the regression variables.  The

statistics are based on grant-months.  We exclude observations for which the

strike price exceeded the mid-month market price, observations after a grant

                                                
11 An alternate dependent variable would be shares exercised as a percentage of shares

available (as opposed to shares granted).  A disadvantage of shares available as a
deflator is that it treats the exercise of, say, all 100 options in a grant at once in the same
way as the exercise of the sole remaining option from a grant, even though the valuation
implications of the two observations are quite different.  As a practical matter, the same
basic conclusions hold for shares exercised as a percentage of shares available.

12  For instance, one sample company allows employees to exercise vested options in the ninety
days following resignation and within three years following retirement.
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was fully exercised, and observations before the first vesting date since little or

no exercise would occur in those cases.  Many small grants constitute an

insignificant fraction of total options issued.  Because those grants constitute a

large number of observations for which there is no exercise activity in most

months, we exclude grants to less than ten employees from our analysis.

Results are not sensitive to this exclusion.

From table 4, the number of grantees has a mean of 873, but is clearly

skewed as indicated by the median of 56, resulting from the tendency of some

firms to make small option grants.  The fraction of a grant exercised in a

month has a mean of 0.007.  If all options were exercised, one would expect

the mean to be the reciprocal of the number of months in the option's life, or

about 0.008 for a ten-year option.  The mean is lower because of cancellations

and the inclusion of some grants that spent much of their lives out-of-the-

money.  The first quartile of the percentage exercised is zero.  This is because

in many grant-months no exercise took place.  The median market-to-strike

ratio is 1.6.  The inter-quartile range is from 1.3 to 2.5, which indicates

substantial variation in stock  appreciation subsequent to the option grant.

Since the median value of the fraction to be canceled is zero, but the mean

exceeds the third quartile, there are a few months when many options are

canceled.  Fraction of grant vested in the three months preceding exercise has

a median of zero, reflecting the fact that most vesting occurs in the first four

years of options’ lives.

[TABLE 5]

Table 5 presents pooled regression results for the public companies

followed by individual company regressions.13   We report results for

Company H separately because it is a privately-held company.  Its "stock

                                                
13 Significance levels of coefficient estimates should be viewed with caution because of

potential violations of independence across grants for a given firm.  Analysis based on one
observation per firm-month yields similar conclusions.
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price" for purposes of determining option value is set internally every ninety

days and is therefore not comparable to the market-determined prices for the

public companies.14  We concentrate on results from a tobit regression

because of the number of months in which no exercise occurred.  The table

also includes results from ordinary least squares regressions as their

interpretation is more intuitive.  The conclusions drawn from the OLS

regressions are consistent with those from the tobit regressions.  Rank

regressions were estimated because some of the underlying relations may be

nonlinear and the distributional assumptions underlying ordinary least

squares may be violated.  Conclusions from rank regressions (not reported)

are generally consistent with those reported.

In the pooled regressions, recent returns are positively associated with

exercise.  The strongest results are a positive coefficient for contemporaneous

returns and returns over the preceding fifteen days.  Contemporaneous

returns include stock price movements subsequent to the exercise but in the

same month and are, therefore, somewhat more difficult to interpret.

However, taken with the returns for the preceding fifteen days, they strongly

suggest exercise behavior occurs in response to recent stock price movements.

The relation is negative for the longer lagged returns which, together with

the positive association for contemporaneous returns, suggests exercise

activity is path dependent:  exercise occurs in periods in which the stock price

is rebounding from a previous fall.15

The relation with the market-to-strike ratio is strongly positive,

suggesting more exercise when market-to-strike ratios are high even after

                                                
14 In particular, as illustrated in Figure 2, Company H's stock price process was very

predictable over the sample period, with only two instance of negative returns.  We believe
this stock price process creates strong incentives to retain options until expiration.  Results
including Company H in the pooled regressions are consistent with those reported for the
public companies; coefficients on the stock price variables remain significant, but are
generally weaker.

15 This result is consistent with the results of laboratory studies of sequential risky choice like
Thaler and Johnson (1990) who document the tendency of decision makers to (i) avoid risks
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controlling for recent returns.  Further, the coefficient on the market-to-strike

ratio squared is negative, suggesting the relation is increasing, but at a

decreasing rate.16  The coefficient on fraction of grant available is generally

positive, indicating more exercise occurs when more options are available.

The coefficient on life left is negative, but it is significant only in the tobit

regression.  Exercise appears to increase as expiration approaches, but time is

not a key predictor of exercise.  The coefficient on volatility is positive.

Assuming persistence in volatility, this result is consistent with the

prediction that increases in volatility increase risk to employees who hold

options which, in turn, induces exercise.  The coefficient on the vesting

variable is positive and significant, suggesting that there is unusually high

exercise activity in the three months following vesting.  Finally, the

coefficient on option cancellations is positive, which indicates that

terminated employees exercise options shortly before cancellation.

Results are generally consistent for the company-by-company

regressions for Companies A-G.  The relation between exercise and

concurrent returns is always positive.  For lagged returns, where the signs

differ from those in the pooled regressions, the coefficients are generally

insignificant.  The market-to-strike ratio is always positive and significant and

the market-to-strike ratio squared is negative (except at Company G) and

generally significant.  The coefficient on the vesting variable is generally

positive and significant.  Results for the life left variable are mixed.  The tobit

coefficients are significant and negative at Companies A, B, F, and H; and

significant and positive at Companies C and G.  The OLS coefficients are

generally insignificant.  The regression R2 ranges from 0.12 to 0.54 for the

weighted least squares specification and is 0.44 for the pooled regression.

While a large portion of the variation is explained, much of it remains.

                                                                                                                                                

following losses, (ii) seek risks following gains, and (iii) alter risk-taking behavior when a
course of action offers the possibility of recouping past losses.
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Consistent with the assertion that exercise is more difficult to predict in

smaller, less-established companies, the regression fit is best for the largest

companies, particularly A and B.

The primary difference between Company H and the publicly-traded

companies is in the ability of stock price variables to explain exercise.  The

relation between exercise and returns and market-to-strike ratios is generally

consistent with that for the publicly traded companies, but is statistically

weak.  Instead, exercise is determined primarily by the life left, consistent with

the tendency to delay exercise until option expiration, and the percentage of

grant available.

If factors like risk aversion and liquidity needs influence exercise

behavior, exercise is likely to vary based on the personal circumstances of the

employee.  While we do not have data on employee-specific characteristics, it

is possible to infer something about those characteristics from an employee’s

level in the company.  In particular, the amount and allocation across asset

classes of high-level employees' wealth is likely to differ systematically from

lower-level employees.  Also the risk attitudes of employees may differ

systematically by level.  Finally, the visibility of high-level employees may

limit their willingness to exercise options early for perceived loyalty issues.

We test jointly whether such differences exist and whether they have

an impact on exercise behavior by dividing employees into four levels–those

who rank in the top 5% in number of the options issued, averaged over the

years they receive options (Level 1), those who rank between 5% and 25%

(Level 2), those between 25% and 50% (Level 3) and those in the bottom 50%

(Level 4).17

                                                                                                                                                
16 A problem with the quadratic formulation for market-to-strike is that the relation can

become negative for high market-to-strike ratios.  Given the coefficient estimates, this
occurs outside the range of market-to-strike ratios in the data.

17 These categories are admittedly ad hoc.  Results are robust to changes in the percentages
included in each category.  Further, for Companies A, B, D and H we have information
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[TABLE 6]

Table 6, panel A presents results from the regressions that differentiate

by employee level.  Because of the number of regressions involved, we limit

presentation of results to the pooled sample of public companies.  On the

whole, behavior is consistent across levels.  Coefficient signs are always the

same and are generally significant.  Explanatory power is somewhat lower for

Level 1, but otherwise quite comparable.  The most pronounced differences

are for historical stock price variance.  The coefficient estimate on historical

price variance is insignificantly negative for Level 1 employees and increases

monotonically across levels.  The coefficient estimate is quite significant for

Levels 2-4, consistent with greater risk aversion for lower-level employees.

Differences also exist across levels in the coefficient on the vesting variable.

Recent vesting appears to have little effect on the exercise behavior of the

highest level of employees, but has significant explanatory power for lower-

lever employees.  Similarly, the coefficients on the returns variables are

lowest for the high-level employees, indicating they are less sensitive to

recent stock returns.  The coefficient on MTS is higher and on MTS
2
 is lower

for the highest level employees.  For MTS less than two, the slope of the

relation between exercise and the market-to-strike ratio is steeper (but

decreases quicker) for high-level employees.  The monotonic change in the

coefficients on MTS and MTS
2
 from level to level suggests high-level

employees are more sensitive to MTS than lower-level employees.

Because our primary interest is in differences in behavior between top

employees and those at other levels, we estimate pooled regressions

separating Level 1 by including the explanatory variables interacted with a

                                                                                                                                                

identifying each employee's salary and level in the company.  Results are consistent for
analyses based on those data.
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dummy variable that is one for Level 1 employees and zero otherwise.  The

results, reported in panel B, are consistent with panel A.18

The difference in the coefficient on past return variance is significant

and negative.  Differences in the coefficients on contemporaneous returns

and vesting are significant.  Surprisingly, the difference in coefficients on life

left is significantly positive and on fraction of grant available is significantly

negative.  Controlling for other factors, it seems exercise decisions by top level

employees are affected less by the time to expiration and the proportion of the

grant available.  The results indicate employees at different levels in the

company vary in their sensitivity to the factors considered in our analysis.

4.3 Other  regressors

The list of regressors included in the preceding analysis is not

exhaustive.  For parsimony, we have limited our reported results to include

variables which are likely to be important determinants of exercise for our

sample firms and which may be useful in predicting future exercise behavior

by employees.  To test the sensitivity of our results to inclusion of other

variables, we conducted supplemental analyses including several other

potential explanatory variables.

Dividend yield

Dividend yield may be a determinant of employee exercise because

employee stock options are generally not dividend-proctected.  Therefore,

incentives exist to exercise options immediately prior to ex-dividend dates to

obtain the right to receive the dividend.  However, dividends are unlikely to

play a major part in the overall results of this study because, as noted in table

1, four of the sample firms (Companies E-H) do not pay dividends and a fifth

(Company B) has a very low dividend yield.

                                                
18 Because the Level 1 results are based on a regression with an interaction term, the

coefficient estimates from the Level 1 Incremental section of panel B must be added to the
coefficient estimates from the Levels 2-4 section to be comparable to the Level 1 coefficient
estimates in panel A.
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We re-estimated the regressions for Companies A-D including a

variable which took on a value of the ratio of the dividend amount to stock

price in months in which the stock went ex-dividend and zero in other

months.  The coefficient on the dividend variable was significantly positive

only for Company A (t-statistic of 2.2) and was not significant in the pooled

public regression, suggesting that, for our sample of firms, dividends are not a

major determinant of exercise activity.

Interest rate

The interest rate may also be a determinant of exercise activity because

it is an input to standard option pricing models.  However, predicting the

likely effect of interest rates on stock option exercise is complicated because (i)

the effect of an interest rate change on the other components of an

employee's investment portfolio is unknown and (ii) the interest rate is

likely to be endogenous to the future stock price process.

We re-estimated our regressions including an interest rate variable

based on the three-year Treasury Bill interest rate for each month of the

sample period.  Regression results were not sensitive to inclusion of the

interest rate variable and there was no systematic relation between option

exercise behavior and interest rates across the sample companies.

Future stock returns

Private information held by employee-optionees may affect exercise as

well.  If the employee can sell the stock acquired on exercise, incentives exist

to exercise the options immediately before an anticipated stock price drop.

Several factors argue against pervasive information-based trading in our

sample.  First, employees who exercise options based on private information

are likely to be in violation of Section 10(b) of the Securities Exchange Act of

1934.  While one can imagine a few employees exercising options in violation

of securities law, it is difficult to imagine insider trading on a big enough scale

to be captured in our data.  Second, the stock option plans in our sample go

deep in the organization.  While it is plausible that top executives often

possess inside information, it is unlikely that large numbers of employees are
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privy to such information.  Thus, information-based trading is unlikely to be

detected.

To test for the effects of information-based trading on our analysis, we

included the stock return over the following month as an explanatory

variable.  To the extent that employees exercise options and sell the stock in

anticipation of stock price drops, the coefficient on future returns should be

negative.  However, our results provide little evidence of a systematic

relation between option exercise and future returns in either the by-company

or pooled regressions.

Tax rate changes

Change over time in personal tax rates may affect exercise behavior as

well.  While tax rate changes are inherently difficult to predict and therefore

of limited use in predicting employee exercise behavior, they could be a

significant factor explaining exercise during our sample period.

Perhaps the most natural place to look for the effects of tax rate changes

on exercise is in December 1992, immediately preceding the tax rate increase

for high-income US employees.19  As a general test of the sensitivity of our

results to that tax rate change, we included a dummy variable for December

1992 which should have a positive coefficient if the tax rate increase

significantly accelerated exercise.  The regression results were not sensitive to

inclusion of the variable and there was no evidence of a systematic relation

between exercise and the December 1992 coefficient across companies.

Value of Option Sacrificed

As an alternative to including variables that affect option value (i.e.,

MTS, MTS
2
, volatility, and life left) separately, one can estimate the value of

the option and compute the fraction of this value that would be realized if the

                                                
19   Another significant event that affected tax rates was the Tax Reform Act of 1986 which

substantially reduced rates, creating an incentive to defer exercise.  However, examining
exercise around the Tax Reform Act is complicated because deferred exercise is likely to be
more difficult to detect than accelerated exercise and the tax rate changes were spread over
several years.  An examination of the exercise data during the 1986-1988 period provided no
evidence of significant change in exercise behavior.
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option were exercised.  There should be a positive relation between exercise

and the proportion of the option value captured at exercise.

To evaluate the explanatory power of option value captured at exercise,

we created a variable with current stock price less the strike in the numerator

and, in the denominator, the Black–Scholes value of the option using the

current stock price, the actual strike, the remaining time to expiration,

historical volatility, and the current three-year treasury bill yield.  In a

regression in which the proportion of the Black–Scholes value captured

replaces MTS, MTS
2
, volatility, and life left, the coefficient on value captured

is significantly positive for all companies.  However, the explanatory power of

the regression generally decreases relative to the regressions reported in table

5.  This suggests individual components of option value explain variation the

Black–Scholes value does not.

5. Conclusions

Many of the accounting issues raised in response to the exposure draft

hinge on the actual exercise practices of employees who own options.  Despite

the importance of employee stock options to earnings, little is known about

option programs or employee exercise decisions.  Principally, the lack of

research follows from the lack of publicly available data on options for

employees other than top executives.

This paper offers several insights.  First, it appears early exercise is a

pervasive phenomenon that has important implications for understanding

employee stock options.  Variables that explain exercise activity include recent

stock price movement, the market-to-strike ratio, the remaining option term,

the vesting schedule, and the proportion of the grant remaining unexercised.

Since the results are generally similar across sample companies, employee

exercise behavior appears to be consistent over the range of factors

represented in the data.  Results by level of employee point to differences

across employees.
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In the 1993 exposure draft on stock compensation, the FASB proposed a

minor change to an existing valuation formula to arrive at an approximation

of the cost of ESOs, namely the substitution of the expected time to exercise

for the stated term of employee stock options in the Black–Scholes formula.

However, the variability of option exercise behavior over grants at the same

company complicates the measurement of the expected time to exercise.  This

makes extrapolating mean exercise time from past grants difficult.  Moreover,

our results show time alone is a poor predictor of exercise.  Absent some

specific guidance on the method for estimating future exercise, the justifiable

range of expected time to exercise is large.  This creates the potential for

preparers of financial statements to manage disclosed option values through

opportunistic selection of expected option life.20

The correlation of option exercise with stock price levels and returns

has several implications for valuation.  In extrapolating past exercise

behavior, it is important to consider how representative the stock price

history has been.  If a company has experienced a substantial stock price

increase over the reference period, for example, valuation based on past

average option life will tend to understate the value of stock options issued.

Second, it suggests pricing methods that require different parameters from

those in the Black–Scholes formula (e.g., a threshold market-to-strike ratio)

merit consideration.  Third, it indicates that the disclosure of more detailed

information about outstanding options may be desirable, because it would

permit financial statement readers to form their own estimates of cost.

Current disclosure is limited to the number of options granted, exercised, and

canceled each year.  Outstanding options need not be broken down by time

remaining to maturity or strike price.  Mandating disclosure on a grant-by-

grant basis (or similar disaggregation) of the number of options outstanding,

                                                
20 One response to the possibility of earnings management would be to incorporate a catch-up

adjustment for actual option life as proposed in the exposure draft.  Our data suggest grant
date estimates of mean time to exercise are likely to be imprecise.  The necessary
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time to maturity, and strike price would allow readers to form better

estimates of the likely cost of options.  It would also permit researchers to test

and refine valuation procedures.

The major issue remaining for the FASB is prescribing  note disclosure

for stock options.  The regression analysis presented here suggests

information on the past variability of exercise time and sensitivity of exercise

behavior to stock prices may be relevant.  For example, the range of past times

to exercise of half the grant and the median historical market-to-strike ratio at

exercise could be disclosed.  The SEC currently requires that the value of stock

options issued to executives be disclosed under assumptions of 5% and 10%

annual stock returns.  Financial statement disclosure could be enhanced by

including information on expected exercise patterns under alternative

assumptions about future stock price movements.  Alternatively, the

historical sensitivity of exercise to stock price movements could be disclosed.

For compensation design more generally, the results imply an analysis

of the incentive features of options should anticipate the pervasiveness of

early exercise.  For example, a ten-year option may serve to align incentives

for only five years if exercise typically takes place then.  Further, the duration

of incentive effects depends on stock price performance.

Finally, the analysis provides insight into individual decision-making.

Employees sacrifice a significant portion of potential value by exercising

options before maturity.  That fact and the relation between exercise and stock

price movements suggest risk aversion is an important consideration for

employees, consistent with theoretical models.

                                                                                                                                                

adjustments to reflect actual experience would be substantial, even absent gaming on the
part of companies in selecting expected lives.
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Table 1:  Descriptive statistics on sample companies and option terms

Company A B C D E F G H

Panel A:  Company description

Industry Diversified Electronics  Financial Financial Computer Computer Computer Service
Market Capitalization > $10B > $10B $1 – 10B $1 – 10B < $1B < $1B < $1B < $1B
Employees > 50K > 50K 10 – 50K 10 – 50K < 1K < 1K 1 – 10K 10 – 50K
Net Income > $500M > $500M $50 – 500M > $500M < $50M < $50M < $50M < $50M
Exchange NYSE NYSE NYSE NYSE NASDAQ NASDAQ NASDAQ unlisted
Mean Monthly Return .015 .011 .012 .011 .009 .017 -.002 .017
Mean Annual Volatility .22 .33 .33 .35 .59 .47 .62 .04
Mean Dividend Yield .096 .028 .077 .068 .000 .000 .000 .000

Panel B:  Two-digit SIC Industry Benchmarks
(Standard deviations in parentheses)

Median Monthly Return .001 .002 .011 .012 -.013 .002 -.004 .002
(.013) (.015) (.016) (.012) (.019) (.036) (.018) (.013)

Median Annual Volatility .43 .52 .44 .32 .55 .56 .54 .54
(.52) (.20) (.26) (.15) (.24) (.32) (.24) (.23)

Median Dividend Yield .000 .000 .016 .000 .000 .000 .000 .000
(.02) (.02) (.07) (.05) (.02) (.01) (.02) (.09)

Panel C:  Option terms

Term (Years) 10 10 10 10 10, 6, & 5 10 5 5
Vesting Dates Annually Annually Annually Annually Monthly Various Annually Annually
Years to Full Vesting 3 to 4 4 4 3 4 to 5 4 to 5 3 to 4 4



Table 1:  Descriptive statistics on sample companies and option terms (continued)

Company A B C D E F G H

Panel D:  Grant date Black–Scholes value of 1992 options

Per employee ($) 1,021 890 755 703 2,080 38,995 1,899 548
Per optionee ($) 31,338 10,374 38,518 23,533 44,132 52,377 5,022 1,477
As a percent of
  1992 net income 4.99 15.00 5.93 12.79 20.41 77.90 85.93 22.19

Notes for table 1

Data in panel A on market capitalization, net income, employees, and exchange are from Compustat for fiscal year
1992.  Monthly return, annual volatility, and dividend yield in panels A and B are computed using Compustat data
from 1980 through 1992, with two exceptions: (i) since the stock of Companies E, F, and G did not trade publicly for
the entire period 1980 to 1992, the statistics were computed over the period from the IPO through 1992; (ii) since
Company H's stock price is an internally computed function of earnings and net book value, returns and volatility
for this company are computed from the internally produced price series.  Dividend yield is the annualized amount
of any dividend in the month, deflated by month-end stock price.  Medians and standard deviations reported in
panel B are taken over all Compustat companies in the same two-digit SIC code as the sample company.  In every
case, the benchmark group consists of at least 40 companies.  The strike price on all options is the market price on the
date of grant.  For all companies except H, vesting is straight line.  At company H, vesting is either straight line or
sum of years' digits.



Table 2:  Descriptive statistics on option grants

Company A B C D E F G H

Panel A:  Percentage of employees who receive options by year
(sample year in parentheses)

Minimum Year 0.1 (84) 0.0 (89) 0.0 (83) 0.2 (83) 3.4 (89) 48.5 (90) 31.1 (92) 15.7 (80)
Median Year 0.4 (87) 9.3 (86) 0.6 (86) 2.7 (88) 21.5 (88) 50.2 (91) 82.0 (82) 23.9 (87)
Maximum Year 3.2 (92) 15.1 (90) 2.0 (92) 3.0 (92) 100.0 (87) 62.5 (92) 100.0 (84) 30.5 (90)
1992 3.2 8.5 2.0 3.0 4.3 62.5 31.1 29.5
Mean 1.1 9.2 0.8 1.8 32.4 55.2 70.2 22.8

Panel B:  Mean number of options granted per year as a percent of shares outstanding
(sample year in parentheses)

Minimum Year 0.2 (84) 0.0 (89) 0.0 (80) 0.4 (83) 1.0 (89) 2.7 (90) 3.1 (85) 3.5 (85)
Median Year 0.5 (89) 0.9 (87) 0.5 (87) 1.0 (92) 5.0 (84) 3.8 (91) 6.0 (91) 5.0 (80)
Maximum Year 0.8 (92) 2.3 (90) 1.1 (91) 2.5 (88) 21.3 (83) 14.8 (89) 32.4 (90) 7.8 (91)
1992 0.8 0.9 0.9 1.0 1.4 6.5 4.5 6.6
Mean 0.5 1.1 0.5 1.2 7.3 7.0 8.6 5.1

Panel C:  Number of grants per year

Minimum Year 4 1 1 1 5 6 1 3
Median Year 9 1 1 3 10 7 110 7
Maximum Year 9 3 4 7 15 7 224 12
Mean 8.0 1.5 1.6 3.7 9.9 6.7 103.6 6.3



Table 2:  Descriptive statistics on option grants (continued)

Company A B C D E F G H

Panel D:  Number of options granted on a grant date
(thousands)

Minimum 2 11 1 0 0 1 0 1
10% 3 313 4 1 2 19 0 13
Median 11 1,944 33 7 12 59 2 275
90% 2,109 2,552 783 883 179 205 17 678
Maximum 4,408 3,471 840 4,408 1,898 1,068 4,186 2,052
Mean 507 1,787 231 208 70 110 17 325
Observations 72 12 23 41 119 40 1,450 152

Panel E:  Number of employees receiving options on a grant date

Minimum 1 17 1 1 1 1 1 1
10% 1 100 1 1 1 5 1 1
Median 3 6,958 7 2 3 17 2 67
90% 518 7,941 272 459 44 52 13 872
Maximum 7,005 11,824 387 556 364 287 3,225 1,743
Mean 390 6,020 88 87 16 30 13 152

Panel F:  Number of options granted per employee

Minimum 100 25 200 95 8 100 1 15
10% 500 100 1,000 455 375 100 50 50
Median 500 175 1,696 1,225 1,500 1,800 379 500
90% 3,000 500 4,848 4,400 9,000 8,500 2,676 2,000
Maximum 65,000 65,000 62,200 80,000 120,000 150,000 300,000 400,000
Mean 1,301 297 2,626 2,327 4,348 2,626 1,300 1,204



Notes for table 2

Data in panel A are computed as the number of employees receiving options during a sample year divided by total
employees at years' end as reported in Compustat.  Data in panel B are computed as the number of options granted
during the sample year divided by total shares outstanding as of year-end as reported in Compustat.  In panels A and
B, numbers in parentheses are the year the reported value occurred.  Data in panel C are based on the number of
option grants per year.  Data in panels D, E, and F are computed from all option grants in the sample.



Table 3:  Exercise activity by employee

Company A B C D E F G H

Panel A:  Fraction of options granted that are exercised by an employee at one time

   10% 0.25 0.25 0.20 0.33 0.05 0.02 0.24 0.14
   Median 0.30 0.63 0.40 0.55 0.31 0.13 0.50 1.00
   90% 1.00 1.00 1.00 1.00 1.00 0.40 1.00 1.00
   Mean 0.45 0.64 0.48 0.59 0.41 0.18 0.55 0.72

Panel B:  Fraction of life elapsed at the time of exercise
(all observations)

   10% 0.11 0.13 0.11 0.13 0.17 0.09 0.05 0.39
   Median 0.27 0.35 0.31 0.35 0.38 0.22 0.21 0.92
   90% 0.51 0.71 0.64 0.77 0.67 0.39 0.60 0.99
   Mean 0.30 0.40 0.35 0.40 0.40 0.23 0.26 0.79

Panel C:  Fraction of life elapsed at the time of exercise
(includes only options for which more than 90% of the options' life elapsed before 12/31/93)

   10% 0.21 0.34 0.21 0.50 0.24 0.20 0.49
   Median 0.50 0.80 0.68 0.91 0.45 0.48 0.96
   90% 0.78 0.98 0.99 1.00 0.83 0.83 1.00
   Mean 0.51 0.71 0.64 0.82 0.49 0.51 0.85

Panel D:  Fraction of Black-Scholes value captured at time of exercise

   10% 0.28 0.36 0.39 0.43 0.60 0.59 0.46 0.62
   Median 0.55 0.66 0.61 0.67 0.92 0.93 0.72 0.99
   90% 0.80 0.87 0.84 0.89 0.99 1.00 0.99 1.00
   Mean 0.55 0.64 0.60 0.66 0.85 0.84 0.71 0.89



Notes for table 3

Data are based on employee-by-employee exercise activity.  Panel A presents the fraction of options issued to an
employee in one grant that are exercised together.  Panel B presents the fraction of the life elapsed at exercise for all
options.  Panel C presents the fraction of the life elapsed at exercise for options for which more than 90% of the
options' life elapsed before 12/31/93.  Panel D presents the ratio of the proceeds from the exercise (market minus
strike price) to the Black–Scholes value of the option computed at the exercise date.



Table 4:  Descriptive statistics for regression variables

1st  3rd
Mean Median Quartile Quartile

Number of grantees 873 56 19 407
Fraction exercised 0.007 0.001 0.000 0.007
Return 60 to 15 days before
event month -0.039 -0.036 -0.112 0.035
Return 15 to 0 days before
event month 0.008 0.004 -0.036 0.053
Return in event month 0.013 0.016 -0.051 0.081
Market-to-strike 2.222 1.626 1.283 2.494
Volatility 0.393 0.359 0.218 0.501
Fraction recently vested 0.035 0.000 0.000 0.049
Fraction of grant available 0.344 0.312 0.183 0.496
Life left 5.692 6.112 3.551 7.975
Fraction to be canceled 0.012 0.000 0.000 0.011

Notes to Table 4

The unit of observation is a grant-month.  Statistics are for all grants with
more than 10 grantees and all grant-months with market-to-strike ratios in
excess of 1.  There are 5,060 such grant-months.  Company H is excluded from
the computation of these statistics.  Grantees is the number of employees who
received options in a grant.  Fraction exercised is the ratio of options exercised
in a month to total options in the grant.  Market-to-strike is the lesser of five
and the ratio of the market price of the stock to the strike price of the option at
the end of the exercise month.  Volatility is the standard deviation of log daily
stock price returns over the year prior to the grant-month.  Fraction recently
vested is the number of options that vested in the three months prior to the
exercise month expressed as a fraction of options granted for months in
which the market-to-strike ratio exceeds 1.15, and zero otherwise.  Fraction of
grant available is the ratio of options available to be exercised (i.e., vested and
unexercised) to the options granted as of the beginning of the exercise month.
Life left is the number of years remaining in the option life prior to
expiration.  Fraction to be canceled is the number of vested, unexercised
options from a grant that will be cancelled in the coming three months,
expressed as a fraction of the total grant.



Table 5:  Regression of options exercised on stock price variables, options recently vested, options available, life left, and options to be canceled
Returns:  days Return in Square of Fraction Fraction Fraction

before event month event Market-to- market-to- recently of grant Life to be
60 to 15 15 to 0 month strike strike Volatility vested available left canceled R2 n

Public Companies (A-G)

Tobit -0.0107 0.0275 0.0257 0.0087 -0.0006 0.0039 0.0099 0.0076 -0.0004 0.1624 5060
Chi-Square Probability 0.0001 0.0001 0.0001 0.0001 0.0043 0.0101 0.0001 0.0001 0.0001 0.0001

OLS -0.0111 0.0274 0.0231 0.0104 -0.0015 0.0040 0.0077 0.0063 -0.0002 0.1663 0.4364 5060
T-Statistic -11.0310 14.6310 16.8610 12.0810 -7.6900 3.8690 5.3480 9.1250 -2.4370 31.7890

Company A

Tobit -0.0137 0.0817 0.0605 0.0279 -0.0080 0.0153 0.0097 0.0007 -0.0023 0.2289 1006
Chi-Square Probability 0.0058 0.0001 0.0001 0.0001 0.0001 0.0010 0.0086 0.7722 0.0001 0.0001

OLS -0.0070 0.0702 0.0526 0.0266 -0.0057 0.0121 0.0070 0.0065 0.0004 0.2599 0.4877 1006
T-Statistic -1.6780 10.3170 9.9940 5.8780 -4.9900 3.3920 2.2530 2.9390 0.8270 15.9650

Company B

Tobit -0.0140 0.0242 0.0182 0.0105 -0.0023 0.0032 0.0077 0.0009 -0.0006 0.1842 649
Chi-Square Probability 0.0001 0.0001 0.0001 0.0001 0.0005 0.2363 0.0414 0.5896 0.0001 0.0001

OLS -0.0123 0.0243 0.0194 0.0240 -0.0055 0.0041 0.0035 0.0041 0.0000 0.1938 0.5432 649
T-Statistic -5.1600 5.4430 5.6710 5.7900 -4.9840 1.6590 0.9770 2.4630 -0.0760 13.8210



Table 5:  Regression of options exercised on stock price variables, options recently vested, options available, life left, and options to be canceled
Returns:  days Return in Square of Fraction Fraction Fraction

before event month event Market-to- market-to- recently of grant Life to be
60 to 15 15 to 0 month strike strike Volatility vested available left canceled R2 n

Company C

Tobit -0.0594 0.0921 0.0387 0.0326 -0.0026 -0.0051 0.0319 0.0129 0.0000 0.4352 472
Chi-Square Probability 0.0004 0.0009 0.0919 0.0048 0.5004 0.6914 0.0799 0.2900 0.9779 0.0001

OLS -0.0219 0.0262 0.0199 0.0414 -0.0094 -0.0006 0.0237 0.0068 -0.0002 0.3477 0.1942 472
T-Statistics -2.2870 1.6960 1.4570 2.8580 -2.3500 -0.0760 2.0630 1.0460 -0.3560 8.6270

Company D

Tobit -0.0192 0.0641 0.0828 0.0204 -0.0037 -0.0002 0.0135 0.0010 -0.0009 0.5385 459
Chi-Square Probability 0.0396 0.0001 0.0001 0.0680 0.4289 0.9873 0.0912 0.8730 0.0928 0.0001

OLS -0.0119 0.0520 0.0584 0.0677 -0.0204 0.0139 0.0023 0.0064 -0.0003 0.3297 0.2835 459
T-Statistic -2.0990 5.3840 8.6580 3.0470 -2.7600 2.0310 0.4350 1.5130 -0.9230 5.4060

Company E

Tobit 0.0115 -0.0290 0.0102 0.0192 -0.0019 -0.0196 0.0508 -0.0001 0.0004 0.0604 892
Chi-Square Probability 0.0822 0.0205 0.1926 0.0001 0.0006 0.0002 0.0020 0.9898 0.4069 0.0001

OLS -0.0009 -0.0007 0.0098 0.0085 -0.0009 -0.0023 0.0031 0.0140 0.0003 0.0403 0.1161 892
T-Statistic -0.2980 -0.1130 2.6560 3.2030 -2.1330 -0.9530 0.3850 3.8810 1.2740 5.3370



Table 5:  Regression of options exercised on stock price variables, options recently vested, options available, life left, and options to be canceled
Returns:  days Return in Square of Fraction Fraction Fraction

before event month event Market-to- market-to- recently of grant Life to be
60 to 15 15 to 0 month strike strike Volatility vested available left canceled R2 n

Company F

Tobit -0.0009 0.0211 0.0423 0.0341 -0.0046 0.0174 0.0758 -0.0479 -0.0052 0.0705 582
Chi-Square Probability 0.8899 0.0740 0.0001 0.0001 0.0001 0.0017 0.0018 0.0001 0.0001 0.2387

OLS -0.0006 0.0127 0.0271 0.0142 -0.0019 0.0118 0.0369 -0.0224 -0.0021 0.0499 0.1402 582
T-Statistic -0.1420 1.7650 5.2640 3.9760 -3.5180 3.3010 2.3800 -2.9850 -2.2790 1.4900

Company G

Tobit 0.0015 0.0004 0.0144 0.0079 0.0014 -0.0135 0.0401 0.0005 0.0014 0.0415 1000
Chi-Square Probability 0.7029 0.9550 0.0054 0.0467 0.0841 0.0022 0.1256 0.9273 0.0084 0.0639

OLS -0.0010 0.0002 0.0074 0.0134 -0.0013 -0.0037 -0.0057 0.0165 0.0006 0.0277 0.2346 1000
T-Statistic -0.6110 0.0780 3.6870 6.6350 -3.5820 -1.9470 -0.5980 7.8520 3.0770 3.2160

Company H

Tobit 0.0309 -0.0137 0.0743 0.0996 -0.0178 -0.0107 0.0416 -0.1108 -0.0168 0.2022 4517
Chi-Square Probability 0.1971 0.7996 0.1762 0.0001 0.0001 0.5284 0.0001 0.0001 0.0001 0.0001

OLS 0.0099 0.0489 0.0218 0.0087 -0.0035 -0.0057 0.0404 -0.1275 -0.0269 0.1704 0.3806 4517
T-Statistic 0.5750 1.3080 0.5410 1.5720 -3.0540 -0.4570 7.9760 -24.0790 -22.5350 25.8250



Notes to Table 5

The unit of observation is a grant-month.  Grant-months in which the
market-to-strike ratio is less than one and grants with ten or fewer grantees
are omitted.  Regressions are estimated for public companies A to G pooled,
then by company.  The first set of regressions are tobit regressions, followed by
ordinary least squares regressions.  Regressions are estimated with weights
proportional to the inverse of the square root of the number of employees
issued options.  The dependent variable is the fraction of a grant exercised in a
given month.  The explanatory variables are described in table 4.  R2 is the
adjusted R-squared from the regression and n is the number of observations
over which the regression is estimated.  Intercepts are not reported.  In the
pooled regressions separate intercepts (not reported) were included for each
company.



Table 6:  Regressions by employee level of options exercised on stock price variables, options recently vested, options available, life left, 
   and options to be canceled

Panel A:  Regression by level

Returns:  days Return in Square of Fraction Fraction Fraction
before event month event Market-to- market-to- recently of grant Life to be
60 to 15 15 to 0 month strike strike Volatility vested available left canceled R2 n

Level 1 (top 5 %)

Tobit -0.0128 0.0325 0.0273 0.0137 -0.0017 -0.0037 0.0033 0.0065 0.0002 0.2824 3,682
Chi-Square Probability 0.0001 0.0001 0.0001 0.0001 0.0053 0.2477 0.4528 0.0004 0.1439 0.0001

OLS -0.0104 0.0292 0.0213 0.0125 -0.0022 -0.0001 0.0029 0.0039 -0.0001 0.2632 0.2853 3,682
T-Statistic -6.0710 9.1610 9.1650 7.2560 -5.4350 -0.0440 1.2080 3.4750 -1.3060 22.0730

Level 2 (next 20%)

Tobit -0.0120 0.0360 0.0314 0.0122 -0.0014 0.0082 0.0095 0.0082 -0.0004 0.2178 4,470
Chi-Square Probability 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0006 0.0001 0.0001 0.0001

OLS -0.0123 0.0319 0.0245 0.0106 -0.0017 0.0082 0.0082 0.0057 -0.0004 0.2525 0.4431 4,470
T-Statistic -10.6410 14.9620 15.3980 9.2960 -6.3430 7.1400 5.0810 6.9970 -4.8350 31.2110

Level 3 (next 25%)

Tobit -0.0158 0.0367 0.0391 0.0103 -0.0009 0.0118 0.0130 0.0078 -0.0008 0.2571 3,717
Chi-Square Probability 0.0001 0.0001 0.0001 0.0001 0.0207 0.0001 0.0001 0.0001 0.0001 0.0001

OLS -0.0151 0.0340 0.0313 0.0078 -0.0011 0.0112 0.0116 0.0019 -0.0008 0.3262 0.4554 3,717
T-Statistic -11.3050 14.0340 17.4470 6.7460 -4.4790 8.1290 6.3030 1.9520 -8.7160 27.8680

Level 4 (last 50%)

Tobit -0.0197 0.0382 0.0416 0.0080 -0.0009 0.0120 0.0108 0.0175 -0.0009 0.1148 3,203
Chi-Square Probability 0.0001 0.0001 0.0001 0.0001 0.0186 0.0001 0.0074 0.0001 0.0001 0.0001

OLS -0.0172 0.0347 0.0328 0.0061 -0.0009 0.0121 0.0086 0.0085 -0.0009 0.2380 0.3437 3,203
T-Statistic -10.8940 11.8750 15.4800 4.7810 -3.4290 7.3050 3.7600 7.0400 -7.6280 14.8230



Table 6:  Regressions by employee level of options exercised on stock price variables, options recently vested, options available, life left, 
   and options to be canceled
Panel B:  Incremental regressions:  level 1 vs. levels 2-4

Returns Return in Square of Fraction Fraction Fraction
days to event month event Market-to- Market-to- recently of grant Life to be
-60 to -16 -15 to -1 month Strike Strike Volatility vested available Left canceled R2 n

Levels 2-4
 

Tobit -0.0151 0.0387 0.0392 0.0114 -0.0013 0.0113 0.0125 0.0111 -0.0008 0.1631
Chi-Square Probability 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

OLS -0.0144 0.0342 0.0305 0.0093 -0.0014 0.0108 0.0102 0.0064 -0.0006 0.2402  
T-Statistic -18.9250 24.4790 29.6950 14.1910 -9.8650 13.8520 9.5310 11.7100 -11.8810 40.7700  

Level 1 incremental  

Tobit 0.0021 -0.0060 -0.0117 0.0018 -0.0003 -0.0153 -0.0090 -0.0046 0.0010 0.1214  15,072
Chi-Square Probability 0.5747 0.3847 0.0215 0.6416 0.7761 0.0001 0.0804 0.0497 0.0001 0.0001

OLS 0.0040 -0.0050 -0.0092 0.0032 -0.0008 -0.0108 -0.0073 -0.0025 0.0005 0.0230 0.3823 15,072
T-Statistic 1.9980 -1.3540 -3.3720 1.6110 -1.7260 -5.5450 -2.5730 -1.9150 3.7040 1.6220  

Notes to table 6

Variables are defined as in table 5.  The total number of options issued to an employee divided by the number of years during which she 
received options determines employee level.  Level 1 employees were among the top 5% of employees receiving options at their company; 
Level 2, among the next 20%; Level 3, among the next 25%; and, Level 4, among the final 50%.   Panel A regressions are estimated by level.  
The dependent variable is the number of options exercised from  a given grant in a given month as a fraction of shares granted to 
employees at that level in that grant. 

In panel B, all observations from panel A are included in one pooled regression.  The explanatory variables in panel A are augmented with 
those same explanatory variables interacted with a variable taking the value one if the employee was in Level 1, and zero otherwise.  The 
top half of panel B reports the pooled coefficient estimates for Levels 2-4.  The bottom half of panel B reports the difference between the 
pooled estimates for Level 1 and those for Levels 2-4.  Separate intercepts (not reported) are included for each company.  


