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ABSTRACT

This dissertation analyzes the reliability of reported emplsyaek option
(ESO) expense, the determination of expected life of ESOsyvatiotis to
manipulate ESO expense, and the impact of noise in ESO expense ausabse
stock price returns. Based on unique data, this is the first papeedsurs
average historical ESO life for all employees of a broadosdirms. | find
average life has a mean of 4.12 years. Average life is rediyc®dB8 years per
10 percentage point increase in volatility, and industry effeg{dam an
additional 7% of the variation. Reported expected life increases 0a88% per
year of historical life and an additional 0.16 years per yeang# of the
outstanding options. Deviations of reported volatility and life from bendtsna
have positive correlations with deviations from own reporting histoiging
stated assumptions rather than benchmark assumptions drops (inCEEB€eSs)
expense by 8.3% (17.6%) for the 25th (75th) percentile firm. The chiange
earnings per share decreases (increases) by $0.019 ($0.007) &&thh@5th)
percentile firm. In contrast to the general findings of thergXitzrature, | do not
find a direct relationship between incentives to manipulate earnery
deviations from benchmark values. Nevertheless, deviations for botanlife
volatility are slightly correlated thus demonstrating subtle madation or
irrational expectations. Absolute values of deviations from benchnmanks a
positive relationship with subsequent stock price volatility suggestoige in

reported stock option expense results in stock price noise. Degiaftiom



benchmarks and subsequent cumulative abnormal returns have stigtistical

significant results but are difficult to interpret.
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CHAPTER 1

INTRODUCTION
Because employee stock options (ESOs) cannot be sold, the ownexxenesie
the option should he or she desire the cash from the option befesgiitation.
Early exercise sacrifices the remaining option value yes$ iuite common.
Theoretical papers have presented models which propose macroeconomic, fi
and individual characteristics that affect the likelihood of azerand the length
of time ESOs are hefd.Empirical papers have attempted to test these models, but
ESO exercise data are not publicly availgbl@hus prior studies have relied on
proprietary data for all individuals of a few firms or executieety for a broad
set of firms.

This dissertation presents a novel methodology for deriving the average
life of all ESOs for a large set of firms based on SE@gd. With these data, |
test macroeconomic, firm, and individual characteristics that dweeage ESO
life for a wide cross-section of firms. This is the first paper to test isttddimed
about expected life of ESOs (for expensing purposes) against the firm’s $for E
exercise history. Through the use of benchmark values for repogtedted life
and volatility, | test for the presence of stock options expensepaiation and
the effect that deviations from the benchmark values may have on stock price.

| find stock price volatility, industry, vesting terms, and conceotnabf

options with the top five executives drive average ESO lifeolafility has a

! See Huddart (1994) and Carpenter (1998).
% See Huddart and Lang (1996), Carpenter (1998), and Bettis, Bizjak, and
Lemmon (2005).
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negative relationship with ESO life while average vesting tam& concentration
have a positive relationship. The results are qualitativelyairtol studies based
on executives only, but the explanatory power of the models is mudergrda
find that reported expected life has a positive relationship Wwéhaterage ESO
life of the firm, the life of the options that have yet to bereised, and median
industry value. 1 do not find direct evidence of a relationship betwemmiives
to manipulate stock option expense and deviations of expected lifeokatiity
from benchmark values. Nevertheless, these deviations haighthysbositive
correlation with each other rather than the negative relationshipythemsld
predict. This indicates a more subtle approach to manipulation tonak
expectations of the future. Deviations from benchmarks are retatedsequent
excess stock price volatility suggesting reported values dnaedfect on the price
discovery process. | find deviations from benchmarks impact subsegtims
but the mechanics of the effect remain undefined.

A better understanding of ESO exercise behavior and accuraepated
ESO valuation assumptions have implications for contract desigoe pr
discovery, regulation, and public policy. From a contracting perspedine
principal may construct a more efficient compensation packade ibr she
understands the duration of the option under various circumstances.mlofter
the impact on price, reported valuation assumptions affect the walgtock
option expense and net income. Thus claims of expected life andaeviadom

reasonable values may affect stock price as investors evaiuate £arnings,



outstanding ESO liability, and employee incentives. Accordjnglyestors,

policy makers, regulators, and the media have an interest in accurate reporting
The rest of this dissertation is organized as follows. Ch2ppeovides a

background for SFAS 123 and reviews the prior literature in detailapter 3

describes the research design and formation of a uniqgue measuwertgealife

of options held by employees. Chapter 4 describes the data @nds fthat

explain variations in historical ESO life and reported expelifed Chapter 5

analyzes possible motives to manipulate ESO expense and theoéflegiations

from the benchmarks on subsequent price. The conclusion summarizes the

findings.



CHAPTER 2
BACKGROUND AND LITERATURE REVIEW

The Financial Accounting Standards Board (FASB) proposed anrdl@93 that
would require firms to change the way in which they account for E§@nse.
Under the old method of accounting for ESOs, firms were requirekgense
only the intrinsic value of options granted, which is the exercise gubtracted
from market price of the stock at the time of grant. Accorginglost firms
maintained a policy of granting options at the money and reported cloggition
expense. Under the proposed ruling, firms would determine the presamtofal
the options granted and expense them ratably over the course of timg ves
period. Facing intense opposition to the ruling, FASB weakened tHedlimay
which only required firms to state in a footnote what impact E§f@rese would
have on net income had the firm followed the originally proposedguliThis
ruling, known as SFAS 123, became effective for all fiscal yearding
December 1996. In December 2004, with enough accounting scandals of public
firms available as evidence for its case, FASB was ablevisa SFAS 123 to
look like the originally intended ruling. Hence SFAS 123(R) became effective f
fiscal years ending June 2006 and required all firms to expende @dtions
based on a fair market value (FMV) as determined by the firm.

The intention of GAAP is that a firm values the options at tineesarice
it would have to pay an outside agent to assume responsibilithdoogtions.
Nevertheless, there are no equivalent securities the firm camousaue the
options since ESOs have vesting conditions and are not tradable. THumthe
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could employ a lattice model or the Black-Scholes (1973) valuation Intode
determine the FMV. Nevertheless, these models pose a problemapplead to
ESOs. The value of a call option with any remaining life alMlays exceed its
intrinsic value. However, per the utility model posed by Huddart (1994)
option holder may derive greater utility from exercising theaoptit some point
in time before option expiration. In that event, due to non-tradability of ESOs, the
employee will exercise the option thus sacrificing some pormiothe present
value of the option. Empirical studies by Huddart and Lang (1996peGtar
(1998), and Bettis et al (2005) provide direct evidence of early isgercThe
Black-Scholes model and the typical lattice model assume thenatiheld to
full term by somebody since an option holder will always receteee for the
option by selling it rather than exercising it. Thus the valuéveld from the
entire contractual length is incorporated into the value of the optieASB
recognized this stylized fact and recommended using the expectiaghlifie of
the option in place of contractual term. This estimated val@etafthe option
value directly and indirectly as the volatility, risk-freeteraand dividend
assumptions are based on the same time period.

The guidance provided by SFAS 123 and 123(R) acknowledge that the
firm must use its own judgment to determine these model inputsesflimate
expected life, firms are instructed to consider the vestingpgbhethe average
historical holding term of similar options, and expected volatil&so, expected
term may be the output of a lattice model where employeesaf@h exercise
rule based on stock price to exercise price. To estimateilipldirms are
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instructed to consider historical volatility, length of timerfihas traded publicly,
and mean reversion tendencies of volatility. Dividends reflect gemant’s best
estimate and the risk-free rate is based on zero-coupon governswad. isThe
statement instructs management to combine the above factorsan that best
reflects estimates of the future and allows for assumptiongthdtice the low
range of FMV when a range of options exist and management betievese
choice is better than the other.

Clearly the guidelines for determining valuation model assumpteae |
room for both variability in beliefs of future conditions and opportuniBsO
expense reduction. Table 1 demonstrates the impact a changeeateeklife or
volatility can have on stock option expense and earnings. A firmgress
discretion in selecting estimates and the impact is mhteAaalysis of these
issues in the extant literature falls into three categorteSO exercise behavior,
ESO reporting manipulation, and price relevance of stock options.

Early exercise of ESOs is a persistent behavior predictettidnyy and
documented by several papers. Huddart (1994) present models tioaistiate a
utility-maximizing, risk-averse individual may exercise an inaliee&f$0O before
the contractual term ends. Likelihood of early exercise ineseagh stock price
volatility and risk-aversion. Carpenter (1998) extends the modelctmuat for
outside wealth and gains from change of employment. Liklihood df ear
exercise is decreasing in outside wealth and increasing inalne gained by
switching employers. Murphy (1999) demonstrates that the certgptiyalent
of an option with an FMV of $17.60 is approximately $7.88, $1.62,
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Table 1

Hypothetical Sensitivity Analysis of Assumption Deviations
Panel A provides the change in the Fair Market ¥ahi options granted had the volatility and life
assumptions varied as stated. Panel B repeatzolcess for Earnings Per Share under the assuntpidn
the entire grant is expensed for the year of thatgrThe data cover 1,756 firms from 1998 to 2008.

Panel A: Percentage Change in Fair Market Valu®ffferent Scenarios

Percentile
Scenario N 5th 25th 50th 75th 95th
A Life=-1,A Vol =0 13,790 -13% -11% -9% -6% -4%
A Life=0, A Vol =-0.10 13,790 -34% -24% -18% -12% -9%
A Life=-1, A Vol =-0.10 13,790 -41% -33% -27% -21% -16%
A Life= #1, A Vol = +0.10 13,790 -58% -50% -42% -34% -27%
Panel B: Change in Earnings Per Share ($) foefft Scenarios
Percentile
Scenario N 5th 25th 50th 75th 95th
A Life=-1,AVol =0 13,435 0.001 0.004 0.010 0.024 0.052
A Life=0, A Vol =-0.10 13,435 0.003 0.010 0.023 0.045 0.077
A Life=-1, A Vol = -0.10 13,435 0.005 0.014 0.034 0.067 0.122
A Life= #1, A Vol = +0.10 13,435 0.010 0.028 0.066 0.133 0.242

and $0.39 for an individual with 50% of her wealth in the firm and aivelaisk
aversion of 1.0, 2.0, and 3.0 respectively. For the individual with aveslask
aversion of 2.0, the certainty equivalent for the same option is apptekma
$7.80, $3.57, and $1.62 for a percentage of wealth in the firm of 50%, 75%, and
90% respectively. Prior literature also provides empirical tesidr early
exercise. Carpenter (1998) studies exercise data for execativ® firms based

on insider forms 3, 4, and 5 filings, where observation is conditional upon
exercise. The data follow the exercise history for one speg#nt for each firm

and the contractual life of the entire sample falls between 18@9994. The
sample’s mean holding period for options exercised is 5.83 years amngetre
stock price to strike price ratio is 2.75. Huddart and Lang (1996) collect giint a

exercise information for ESOs awarded to 58,316 employees acgbdsfiens
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via voluntary survey response. The sample period is vague but appdaes

1980 to 1992. The holding period of options exercised has a mean of 3.63 for
firms granting 10 year options and 1.23 years for firms grantingab gptions.

Bettis et al (2005) utilize Form 3, 4, and 5 filings for a broadkta set than
Carpenter (3,966 firms between 1996 and 2002) but do not attempt to match the
exercises to the grant date. Their data show that remaiomgactual life of
options exercised has a mean of 4.47 years.

The guidelines for determining valuation model assumptions leave room
for both variability in well-intentioned estimates and opportunisti© ERpense
reduction. Several papers have identified deviations of reporsdanasons
from benchmark values and have attempted to separate informateations
and opportunistic deviations from noise resulting from estimates. matdr
(1998) forms the volatility benchmark using the volatility of retufos the
previous 120 trading days, the risk-free benchmark using the goverinoaaht
closest in term to the expected life, and the dividend yield benchinasdd on
dividends from the previous quarter. Expected life is used as repadttedinds
that firms undervalue executive options relative to the benchmarksteualila
modifications to the Black-Scholes value typically decreasevéiige, and the
degree of under-reporting for executive options increases as Cf(Dgraases
relative to peers. Hodder et al. (2006) formulate benchmarksstofree rate,
volatility, and dividend rate using fitted values from a regressiohefeported
parameter against actual historical values and the averag¢ecepatue for the
industry. Expected life is similar except rather than using histotieadfl options
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they use the expected life reported by the firm the previeas.y The paper
regresses deviations from the benchmarks against proxies for ivieserb
disguise compensation, manage earnings, and information of futurelityolati
The authors conclude changing environments, earnings managementiomtiva
and compensation disguise motivation explain some of the deviation in model
assumptions. Aboody and Kasznik (2006) regress the stated FMV against a
benchmark FMV, various incentives to disguise compensation, indusiry/ye
fixed effects, and controls. The benchmark FMV is similar tanéek as well,
but benchmark life is the fitted value of reported life againstvédsting period,
options cancelled, options exercised, and the percent of options g@theddp
five executives. Their results are similar to Yermack Bodder et al with
volatility and life having the strongest results. Bartov et2007) utilize traded
options to test to what degree market expected volatility astdrival volatility
are considered in formulating the volatility model assumption. Timey that
both elements are utilized but selectively to lower ESO expespecgially when
motivating factors are higher. Utilizing data that span bothapte post SFAS
123(R), Choudhary (2010) performs tests similar to the other paperdéut t
regressands are both deviations from benchmarks to identify bialseaaldsolute
value of deviations from benchmarks to identify accuracy. She findstapsmn
is stronger when options are expensed and when motivations to manaiggs
are higher.

One of the arguments against the original proposal of SFAS 123watas t
investors did not understand the meaning of this non-cashflow changeniiogs
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and that stock values would be irrationally decreased. This catletvaluation
techniques into question since proper pricing would include the valuel of al
outstanding options regardless of the expensing procedure. Aboody (1996) uses
pre-SFAS 123 data to test if the market prices various asplettite ESOs. His
methodology is to use a modified Ohlsen (1995) model whereby price is regressed
against earnings minus dividends, book value of equity, and the variable for
which you wish to detect price discovery. The generalized remelthat price is
negatively related to number of outstanding options, the present vatystiarfis
outstanding, and the present value of older options. Aboody et al (2004), using
pre-SFAS 123(R) data, use the same model but include forecastedh @romvt
analysts to capture incentive effects of options and instrun@nessclosed (not
expensed) option expense. They find a negative relationship betvestrsed
options expense and price. Bartov and Hayn (working paper), utikziagts

that indicated the likelihood of passage of SFAS 123(R), find a negative
relationship between CAR and the percentage impact that expensed options would
have on EPS, and a positive relationship between CAR and a proxyKoofla
clarity into the firm's business. Frederickson et al (2005) usauraey of
valuation professionals to determine that mandatory expensed optiateeaned

more reliable than voluntarily expensed options which they find tonbee

reliable than option expenses appearing in the footnotesonly.

% One caveat of the two years before SFAS 123(R) is that firms had the option to
voluntarily expense options. The sample of firms used by Choudhary (2010)
show that approximately 11% of firms expensed voluntarily.
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CHAPTER 3

RESEARCH DESIGN AND THE PROXY FOR AVERAGE ESO LIFE

The most unique contribution of this dissertation is the measuremargtofical
life of ESOs held by all employees of the firm. This chagéscribes the process
by which the measurement is obtained. Additionally, this chap&ssribe the
design of benchmarks for the ESO valuation assumptions reporteaniyirii the
10-K. The purpose of the benchmarks is to provide a reference pomthich
the assumptions stated in the 10-K deviate. These deviationsheanbe
analyzed to discuss impact on reported earnings, motivations to nzeipu

numbers, and impact on subsequent price and returns.

A. Measurement of Historical Holdings

There is no known publicly available source of exercise datalfergdloyees of
the firm. Exercise behavior of corporate insiders can be olusétweugh

analysis of forms 3, 4, and 5 which serve as the basis for ingiicer data.

Bettis et al (2005) and Carpenter (1998) base their studies ondagsenhich
have the advantage of providing details of option exercises includirtatéeand
the number of shares. These studies offer an excellent refggeimt for overall

employee exercise behavior, but are inappropriate as a soudegacfor such a
study. Models like Carpenter (1998) and Huddart (1994) predict exexwtiile
hold options longer than average employees due to greater wealthublcl

observation of options exercise. Thus conclusions drawn from thesmaataot

11



represent the behavior of the overall set of ESO holders. Another rprabte
these data is they are truncated since expirations, forfeiamdscancellations are
not observed. Additionally, these data only provide information regarding a
specific exercise and do not disclose valuable information aboututinder of
options outstanding and the weighted average remaining life of thasasoptn
contrast, Huddart and Lang (1996) gather detailed data on all enployeéhe
results provide no cross-sectional power since the sample spans only gight fir

| address the problems of truncation, bias, and lack of crosssacti
variation by creating a uniqgue measure for average holdings eployees of
the firm. The 10-K reports options outstanding at the beginning athdfethe
year, the weighted average remaining contractual life abwgtanding options,
and option activity to describe the change in options outstanding. ahgeim
options typically includes grants, exercises, and a term or twaotlect
expirations, cancellations, and forfeitures. The data asepted graphically in
Figure 1. | estimate the life of all options cancelledereised, expired, and
forfeited using the following procedure:

1) The options existing at the beginning of the fiscal year wilee be
terminated (exercised, canceled, forfeited, or expired) at Sameduring
the year or will remain outstanding at the end of the ye&iesd options
are represented by the first and second lines in Figure 1 respectively.

2) Assume all options granted have 9.5 years of life remaining anithef

the year (timet).
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3)

4)

5)

6)

7)

_ RemLife, (10K)
RemLife,; (10K) Nomsanding,t (10K)

NOutstanding, t-1 (lOK) N (1OK)
Terminated

j

|

. NGranted (10K)

: o v

i >
Fiscal Year Time. t

Figure 1. The flow of ESOs as presented by thekK1#Ad analysis technique. This figure
demonstrates the analysis technique used to estitimatlife of all options terminating during the
fiscal year. RemLife.; and RemLife, are the weighted average remaining life of allicp
outstanding at the beginning and end of the yespagtively. Noysandgingt1 8Nd Noustanding: are the
number of options outstanding at the beginning emdl of the year respectiveMreminated iS the
number of options that terminate during the yeae tiu exercise, cancellation, forfeiture, and
expiration. Nco is the number of options outstanding at the begmmf the year that remain
outstanding at the end of the yedlg,aeq is the number of options granted during the year.

Assume the number of options outstandifMbustanding, t » €quals the sum
of the number grantedNgraneds , @and the number of options that were
present at the beginning of the year and made it through to the émal of
year,Ncont.

Using RemLife: , Noutsanding,t » Neont » Neranted » @nd the assumption in step 1,
calculate the remaining life of the continuing optidRaNLifecon; .
RemLifecontt-1 IS one year greater th&@mLifecon: -

The number of options that will terminate during the year due twisee
forfeit, cancellation, or expiratioMNerminated » 1S Noutstanding, t 1€SSNcont -

Using RemLife.1 , Noutstanding, t-1 » Neont ; Nterminated , @andRemLifeconsq to

calculate the remaining life of the terminated optidesnLifererminated-1 -
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8) The weighted average life of the options terminalt@@erminated, t , 1S €qual
tO 95 Iesg?ernl_lfe]'ermnated’ t-1 -
For each firm-year, the average historical ESO lif¢=at is the weighted

average oLifeeminaeds fOr the 7 years prior as shown in equation 1.

t=T-6

(Lifeterm'nated it XNterm'nated,t )
Lifejgr =———— (1)

Z(Nterminated,t )

t=0

| keep only observations with at least 5 years of data. Firmsyehere there
were large acquisitions or restructuring caused the number ohemiutstanding
to change by +5% are not included. Calculating average histdifeat any
point in time poses a few challenges as well. Ideally thasorement would
capture the ultimate fate of all options for a specific sejptibns to be measured.
Any measurement period that does not include the beginning anerthiedtion
of all the options in the measured set creates the followingisituaSuppose the
measurement period for historical ESO life is the previousrsgears worth of
exercises. The firm shown in Figure 2 has granted options atitves tof
interest. The first grant took place several years beforebdigenning of the
measurement period. Some of the options were terminated before the
measurement period while the rest, including any expirations,redcduring the
measurement period. The partial effect of missing these rtations is an

upward bias of historical life. The second grant took place dtimdourth year

14



of the measurement period. Some of the options were terminated dueing
measurement period but others are still outstanding at tifhbe partial effect of
the options outstanding is a downward bias. Thus the total effectse tiait
increases as firms vary the size of their grants over ainteas option exercise

patterns vary over time.

Grant B

H

Grant A

-7 -6 -5 -4 -3 -2 -1 0
Fiscal Years Relative to timeg,

Figure 2. Exercise data that are both captured rawid captured by the estimation technique. This
hypothetical timeline demonstrates that the sevear yneasurement period will miss early exercises fr
Grant A and late exercises from Grant B.

B. Benchmark Design

Each benchmark is intended to provide an ideal estimate of expexitedity
and expected life. Firms are instructed by SFAS 123 to conhkidtarical
volatility, length of time firm has traded publicly, and mearersion tendencies
of volatility when estimating volatility. Firms are instted to consider the
vesting period, the average historical holding term of similar optiamsl

expected volatility when estimating expected life. | have ehdsur different
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benchmarks for volatility and life, each with its own advantages and
disadvantages:

1. Historical Results \olnig and Lifeyig) — For volatility this is the
annualized standard deviation of the natural log of one plus the monthly
return, measured over the previous five years. For expectedhdife t
benchmark is the average holding life of all options terminated dtiveng
previous seven years. The technique for measuring average life is
discussed in Section A. The advantage of these measures tisethaire
simple and not subject to potentially mis-specified models, but have
consideration for firm qualities and industry averages.

2. Historical and Economic EstimateVdl,;; and Lifey;;) — These
benchmarks are fitted values from a regression of historicaksabn
cross-sectional variables. The purpose of this benchmark is fmook
historical data to better predict volatility and average dfeESOs held,
incorporate industry averages, and lessen the impact of idiosgriarat
history. This benchmark is subject to model misspecification.

3. Historical Reported Estimate V@lnigiox and Lifegsaox) — These
benchmarks are simply the averages of expected volatility xymected
life as reported in the 10-Ks of the previous 5 years. This bear&hm
detects a change in reporting history with no referenaetizal volatility
or ESO life history. A departure from previous measures alsonbas
implication in terms of departure neither from the true value noarsva

true value.
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4. Peer 10-K and economic estimat®oly,x and Life;ox) — These
benchmarks are fitted values of the regressions of reported egpect
volatility and expected life as a function of firm charactess industry
averages, and other control variables. This benchmark reflects the
deviation from peer reported values based on industry and other economic
characteristics. It is subject to misspecification and tailglentify any
global bias since the mean deviation from this benchmark is zeao as

result of the benchmark design.
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CHAPTER 4
DATA AND ANALYSIS
This chapter describes the data used in this study and provideslysisapiathe
results. Section A describes the data. Section B analgeésrd driving the
exercise behavior of ESOs. Section C provides results for vasenchmarks.
Section D analyzes incentives to manipulate the assumptions.orSEcttudies

the effect of deviations from benchmarks on stock price.

A. Data
The data required for this study can be found in the 10-K and the proxy
statements. Nevertheless, no known commercially available salleet these
data. | start with a proprietary data set and enhance thevilathand-collected
data? The data used in this study are a smaller subset of the Canpuiserse.
| discuss the reduction is sample size and possible selection bias in Appendix A.
The period of this study is 1998 to 2009. For any volatility analysis,
consider all publicly traded firms with data in both Compustat an8RCRFor
analysis of historical ESO life and expected life assumptiolst the data to
firms that grant predominantly 10 year options.
To classify a firm as a 10 year firm | follow severapst. The first step is to
use the proprietary data in combination with Execucomp to determine how

frequently the executives of the firms get 10 year optionshelfpercentage is

*| thank Dr. J. Carr Bettis, founder and CEO of Verus research, for providing
access to Verus’ proprietary data.
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80% or greater, the firm is considered a 10 year firm. Nasgelthe proprietary
data to identify the cases where the 10-K clearly desctilee&SO contractual
term as 10 years. In addition, if the 10-K clearly states dpfions are not 10
year options then firms identified as 10 year firms from the prdata are
removed.

The life of ESOs is measured using the change of options outsjaddia
found in the 10-K as described in section A of Chapter 3. As a rgeview
Lifeerminated 7 IS Year T's measurement of the life of options terminated duineg
fiscal year. Lifeyis 1 is the weighted average off@erminaedt fOr the previous seven
years. In some cases the options outstanding from the previausoyeat equal
the options outstanding at the beginning of the year even after adjizstsgits.

If the difference is greater than 5% thiefeemnaeds IS discarded. | require at
least five of the previous seven years to have a valid measurdorent
Lifeerminaedt- Requiring at least 5 years of data results in the eadbeservation

of average life occurring in 2002. Any 7 year window with acquisition or
restructuring activity that changes options outstanding by +2@% cempletely
removed since the structure of the firm was significantbredt and past behavior

may not be representative.

B. ESO Exercise Behavior and Expected Life Benchmark

The first row of Panel A of Table 2 presents descriptive staifor Lifeyig. As a
point of reference, Huddart and Lang (1996) calculate the averagi@doérm
conditional on exercise, meaning options expired out of the money, fdrfaid
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canceled are not included. Their results for th8 dércentile, median, and 60
percentile are 1.14, 3.00, and 6.04 years respectively while mine are 2.30, 4.12,
and 6.00 years. Carpenter (1998), based on observation of executives ofs40 fir
and conditional upon exercise, finds a mean of 5.83 years with a standard
deviation of 2.25 years while my mean is 4.15 years with a standaideof

1.43 years. The Huddart and Lang results are the more reasonaplarisom
Executives have greater wealth than the general employee base apsdiwaes

are public information, thus they hold their options longer on averagetiiban
common employee.

To further support this point and demonstrate the importance of a
measurement of ESO life for all employees, | track eachvidual group of
options for CEOs of 226 firms for the years 2006 thru 200@ble 3 shows the
turnover of the CEQ'’s portfolio (percent of all options held execciduring the
fiscal year) is significantly less than that of all enygles of the same firm. Even
conditional upon CEO exercise of options the turnover is lower for CEM@se
importantly, when executives exercise their options, the life ofofteons is
significantly higher than that of all employees of the séme Not reported in
the table, the CEO'kifeyi is greater than all employedsfeyi¢ 80% of the time
for the sample. These differences are important becausertemiage of options
granted to the top five executives for this sample is 29% wsthradard deviation

of 15% as reported in Panel A of Table 3.

® The statistics for all employees include the CEO as well, so differbetssen
the CEO and all employees other than the CEO are understated.
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Table 2
Factors Affecting ESO Life

The descriptive statistics for the sample are plediin Panel A. Only seven year measurement peace
shown since five year measurement periods are siemifar. Panel B reports the historical life oftiop
observation count per industry. Panel C statesntimber of firm-year observations of historicak li6f
options per firm. Panel D presents regressionsiteefor formulation of the life benchmarisfey;s, and
Lifeiox - Lifeyq is the average of all options terminated duringgtier seven years. Lifey is the reported
expected life in the 10-K.Lifepenang iS age of the outstanding options at of the endheffiscal year.
Lifejok ma is the Fama-French 30 median industry reporte@ceigg life. PctTop5 is the number of options
granted to the top five employees divided by thaltoumber of options granted for the fiscal ye¥est is
the average vesting time for all options grant€dly;s:, Volyk:, andVolg,,.s are the standard deviation of
stock returns, market returns, and quarterly fiates respectively for the previous five yeafRet is the
stock price return for the prior five yearslaxRet is the maximum monthly return during the prior fiyears.
Treas7yr is the implied return on a seven year governmentlbCAPMBeta is the market model beta for the
prior five years. DivYield is the dividends declared divided by the averageksprice over the prior year.
TotAsst is the total assets in millionsSalesgrowth is the percentage change in sales from the prevear.
M/B is the market to book ratioD/E is total debt divided by market equityROA is operating income
divided by total assetR&D is research and development expense divided Il &sisets. HH is the
Herfindahl index as a measure of industry concéintrat the three digit SIC code level. All vadiedwith a
bar above them are averaged over the previous seweriive years for regressions 1 and 2 respegtivel
Only five year averages are shown in Panel A. tédts control for industry fixed effects defined Fegma-
French 30 industry definitions. Errors are clusterat the firm level and t-statistics are reporbed
parentheses. Panel E provides descriptive statigtir all four benchmarks, the differences betwten
benchmarks, and the difference between volatibtgtated in the 10-K and the benchmaltkieq1ox is the
average of reported 10-K life for the previous fixears.

Panel A: Descriptive Statistics for Sample

Percentile
N Mean Std Dev 10th 25th 50th 75th 90th
Lifeyic 3,453  4.15 1.43 230 311 4.12 5.18 6.00
Lifejox 2,946 5.3 1.33 400  4.80 5.30 6.30 7.00
Lifeopernang 3,453  1.14 0.88 026  0.62 1.06 1.56 2.25
Lifejokma 3,272  5.38 0.47 500  5.00 5.25 5.80 6.00
PctTop5 3447  0.29 0.15 011  0.19 0.27 0.38 0.49
Vest 3438  2.25 0.81 133 181 2.13 2.54 3.00
Volyise 3374  0.43 0.23 019  0.26 0.37 0.55 0.77
Volyye 3,427 0.5 0.03 0.09  0.13 0.16 0.18 0.19
Volsaies 3,438  0.04 0.04 0.00  0.01 0.03 0.05 0.09
Ret 3,385  0.98 1.99 -0.56  -0.13 0.43 1.31 2.90
MaxRet 3,386  0.41 0.34 0.14  0.19 0.30 0.50 0.79
Treas7yr ~ 3,441  0.04 0.01 0.02  0.04 0.04 0.04 0.05
CAPMBeta 3,380  1.17 0.86 026 057 0.99 1.58 2.27
DivYield 3442 001 0.02 0.00  0.00 0.00 0.02 0.04
TotAssts 3,447 6,595.82 16,454.90 153.69 437.60 1,370.775546 15,550.40
SalesGrowth 3,444  0.17 0.41 -0.01  0.04 0.09 0.18 0.32
M/B 3,453  2.57 2.28 001  1.19 1.93 3.31 5.48
D/E 3,405  0.52 0.97 0.00  0.05 0.21 0.57 1.28
ROA 3,447 0.00 0.16 -0.12  0.00 0.03 0.07 0.11
R&D 3,447  0.05 0.09 0.00  0.00 0.00 0.05 0.15
HH 3,429  0.15 0.14 0.05  0.06 0.10 0.18 0.31

(Continued)
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Table 2Continued

Panel B: Frequency dffey;;; observations by Industry

Fama-French30 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Industry
Frequency 63 19 8 38 43 49 53 408 131 6 84 62 133 72
Fama-French30 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Industry
Frequency 34 9 5 97 121 76 354 330 80 89 92 236 52 512 6
Panel C:Lifey;s; Firm-Year Observation Count by Firm
Firm-Years N“mber of
Firms
1 70
2 71
3 85
4 102
5 83
6 106
7 195
(Continued)
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Table 2Continued

Panel D: Regression results for Life benchmark

Lifeyis (1) Life;ox (2)
Intercept (2;2) (11255)
Lifeyist (ffoss)
Lifeovernang (Zég)
Lifejok,ma (ggg)
PctTop 5 é;?i) ((1):33)
Vest (gég) (gég)
Volse(D), Volyie(2) (oo (105)
Volye(D), Volyia(2) (1o9) 299)
Volsates (D, Volsuies 2) (1a8) (0.0
Ret5(1), Ret5(2) (1312‘5‘) (-0?34)
MaxRet5(1), MaxRet5(2) (g:;i) (:8:22)
TreasTyr (1), Treas7yr(2) s 2.2
CAPMBeta (1), CAPMBeta (2) (8:83) (:82?)
DuwVield ('_132_'7422; (g:ﬁ)

In (TotAssts) ©29) (530
In (SalesGrowth) (0.8 009
M/B (g:gi) (%-%l)
DJE (2:8;) (g:gg)

RO 2o (109
R&D (00;38) (--01'137)
A (020 s

N 3,312 2,692
Adjusted R-Squared 0.35 0.23
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Table 3
Option Holdings of CEOs and All Employees

This table provides statistics for option turnogaptions exercised during fiscal year divided bgibaing of
year outstanding options), the weighted averagairgng life of options outstanding at the end df flscal
year, and the weighted average life of options iteated (exercised, canceled, forfeited, or expichajng
the fiscal year. For comparison of distributiotatistics are paired for each firm-year. The dateer 226
randomly chosen firms for the fiscal years 2008069.

Percentile
Wilcoxon Wilcoxon
N 10th 25th 50th 75th 90th Test
> P-value
Statistic
All Turnover
CEO 464 0% 0% 1% 14% 32%
All 464 8% 11% 18% 26% 34%
CEO - All
. 464 -26% -18% -11% -4% 7% -37789 <.0001
(paired)
Turnover conditional on CEO exercise
CEO 248 2% 6% 12% 25% 50%
All 248 10% 13% 20% 29% 37%
CEO - All
. 248 -18% -13% -6% 3% 18% -5580 <.0001
(paired)
Average Life of Options Terminated
CEO 248 4.05 5.58 8.42 9.93 9.96
All 248 2.58 4.61 5.79 7.20 8.58
CEO-Al H4s 106 0.38 1.86 3.67 4.98 11286 <.0001
(paired)

Panel B of Table 2 provides an observation count for the Fama-French 30
industry definitions. While some industries are low in firm count, there is no need
to remove any observations when utilizing industry fixed effectanePC
provides the distribution of observation count per firm.

Prior research suggests many factor affect exercise behavior. tisyceover
only 8 firms, the results from Huddart and Lang (1996) are not Jaade
across firm characteristics, but they can provide insight intefinorspecific
factors. Their results show that prior returns, the ratio of maumkee to strike
price, vesting, and pending forfeiture drive the percentage of optxersised
any given point in time. The results get stronger the lower rgrtkim employee

within the firm. Bettis et al (2005) utilize the Carpenter (1988ity model and
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calibrate it utilizing insider filings. They present thepegted term based on
sample median values and the effect of increasing each vab@by The 50%
increase in risk aversion, volatility, probability of leaving thenfi and outside
wealth changes expected term by -16%, -25%, -4%, and 9% respecBased
on insider filings, their regression results support that volatitlividends, and
unexpected returns decrease holding term while being the CEOsiesriéa This
particular test provides good insight but replication for this stsiahpt reasonable
for several reasons. The data do not explicitly state the agptioins when
exercised but rather the time left to maturity. Also the datobservable only
upon exercise so forfeiture and expiration are not observed. @ahlly, Bettis
et al show there are differences even within the pool of insizhessd on rank in
the organization.

The combination of the results of Huddart and Lang (1996), Carpenter
(1998), and Bettis et al (2005) indicate the following variable migimt éveplain
variations in ESO holding terms:  short-term return, long-terrturmg
momentarily high market to strike price, prior volatility, fatbre due to
employment termination, fraction of options vested, risk aversion, owsdih,
dividend rate, and rank within firm. Ififeyg can be partially explained, firms
may be able to formulate expectations for future ESO holding telntsst the

following model to explain past behavior:
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Lifeyise = Bo + B1PctTop5 + BrVest + BsVolyse + BaVolyye

+ BsVolsgies + BoRet5 + fsMaxRet5 + fgTreas7yr

+ 9 CAPMBeta + BioDwYield + B,1In (TotAssts) (2)

+ f12ln (SalesGrowth) + [13M /B + 14D /E + [15ROA

+ B16R&D + B1,HH + Industry Ef fects

PctTop5 is the portion of all option granted that are granted to the tap fi
employees.Vest is the average time to vest for options granted (e.g. bphiens

vest equally at years 1 thru 4, the average vesting term would bge&$).
Voly;s: 1S the annualized stock return standard deviation for the previous five
years. Vol is the stock return standard deviation for the Compustat universe
for the previous five yearsVolg,.s IS the standard deviation of quarterly sales
deflated by total assets for the previous five yedrgt5 is the stock price return

for the prior five year period MaxRet5 is the maximum monthly return during
the prior 5 years and serves as a proxy for the highest ttarksercise price.
CAPMBeta is the market model beta for the prior five yeamBivYield is the
dividends declared divided by the average stock price over the paorfotAsst

is the total assets. Salesgrowth is the percentage change in saldd/B is the
market to book ratio. D/E is total debt divided by market equityROA is
operating income divided by total asséisas7yr is the implied return on a seven
year government bondR&D is research and development expense divided by
total assetsHH is Herfindahl index for the three digit SIC code industry based on

sales. All variables with a bar above them are averageditoegmrevious seven
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years since the age of option exercised during a given y#a sulmination of
circumstances and events over the life of the option. Seves geeounts for the
life of most options. Industry fixed effects are defined by F&nemch 30
industry definitions. Industry effects are intended to proxy primarilyddeiture
rates.

The descriptive statistics for the sample are given bylPan€Table 2. The
first regression of Panel D of Table 2 shows the results okeshienation of
equation 2. 1find long run volatility, percentage of options granteddoutixes,
vesting schedule, peak returns, risk-free rate, dividend yield, markbook,
return on assets, and industry have the greatest impact on exettseor based
on the model specification of this paper. Volatility, risk-fragey and dividend
yield have negative relationships with average holding life whaleeentage of
options granted to executives, vesting schedule, peak returns, maskekiand
return on assets have positive relationships. In this model, realized voletdity
standardized coefficient of -0.64 and appears to be the primary drivkee.
addition of industry effects increases the adjusted R-squared fi®no .235
which | believe reflects the importance of turnover and forfeitecaptured by
the model.

An important result of this model is the explanatory power of theehis
significantly stronger than the explanatory power of a sintdat performed by
Bettis et al (2005). Their regression to explain contractaatsyremaining at
exercise has qualitatively similar results but the R-squar¢keaf model is 0.07
compared 0.35 for this model. Huddart and Lang (1996) found volatility had a
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much stronger impact for individual lower in the firm. If theseultssare
generalizable, then a study on executives only may miss iampaharacteristics
affecting exercise.

The inclusion of industry effects provides good explanatory power for the
model but has the potential to weaken the economic explanation oktlod the
model. To better understand the economics behind ESO exercisanatest
equation 2 without the industry effects. The results are quite iaforen All
significant estimates from the model with industry fixed @Beemain significant
with no major change to the coefficient. For the newly sigmfivariables, sales
volatility has a negative coefficient (t-statistic -2.4hylahe Herfindahl index has
a positive coefficient (t-statistic 1.84). Higher values of thexfiHdahl index
indicate higher industry concentration. It is quite possible thatrférms in an
industry provide fewer opportunities for employees to switch emoyédris
would cause forfeiture rates to decrease and provide a positivenoé on the
life of the options.

The measurement window for historical life of ESOs was anditrset at
seven years. A longer window provides more data for each measulamaeigo
reduces the number of usable observations for estimation of equatiofiZingJt
a five year window for the same estimation increases obsmrvedbunt from
3,312 to 7,045, but adjusted R-squared drops from 0.35 to 0.21. A few estimates
change in significance as well. Market volatility is negafit-statistic -3.47), the
log of sales growth is negative (t-statistic -1.86), and ROA |os@se
significance (t-statistic 1.72).
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The guidance by SFAS-123 instructs firms to consider their gedristorical
ESO life when estimating expected life for new options granied.better
understand the factors firms consider when estimating expecetdstimate the

following equation:

Lifeiox = Bo + B1Lifenist + BoLif €overnang + BsLif €10k ina
+ [,PctTop5 + fsVest + BgVolyise + B7V0olyke

+ BgVolsaies + BoRet5 + fioMaxRet5 + 1,Treas7yr
3)

+ 1, CAPMBeta + B,3DwYield + [14ln (TotAssts)

+ fisin (SalesGrowth) + 1M /B + 17D /E + [1gROA

+ B1oR&D + B,0HH + Industry Ef fects

The intention of this regression is to relate what each fiaims to what
other firms claim while considering economic factors. The baw@ a variable
indicates a five year average which is used as an estioratach value looking
forward. Lifeovernang IS the age of the outstanding options as of the end of the

fiscal year. Life; ok mq 1S the Fama-French 30 median industry reported expected

life. Volyox is the volatility benchmark equivalent to this benchmark as itbesicr

in Appendix B. All other variables have been described previoustytiae only
differences beindRet5 and MaxRet5 are measured over the previous five years.
The second regression of Panel D of Table 2 shows the estimagidis.relt
appears firms consider their prior exercise history as thefiaeat is 0.33.

Interestingly, the coefficient on the age of the options stilltanting is 0.17, so
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the option overhang factors into the estimate as well. Thesmpogtant results
that demonstrates firms consider their own exercise hisfbimg strong positive
relationship with the industry median reported value also indithtedirms are
somewhat aligned on their assumptions. When reported expecteddifgassed
against the same variables used with the historical life seigie there are some
inconsistencies. The percent of options granted to executives and dnetted
have no significance, historical market volatility and the trgasate have the
opposite sign, and firm size has a negative coefficient.

Unlike the estimation for historical life of ESO, removal of indpeffects
has very little impact on the estimation of equation 3. Neverthelemoval of
the industry median volatility assumption along with industry éffdo break the
connection to industry, does decrease adjusted R-squared from 0.28 to 0.18. The

new estimation still provides no additional significance to any estimates.

C. Benchmarks

The purpose of constructing benchmark values for expected life anditolatil
to set a reasonable reference point and then measure how fah&bpoint a
firm deviates from the reference for any given firm-yeérstart first with an
analysis of the reported ESO valuation assumptions in the 10-KireFsgshows
the reported assumptions over time. Expected Volatility and Expedt both

appear to be somewhat stable over time in the middle and lowenples&hile

the upper percentiles have dropped over time. The standard aleaatieported
values has also dropped over time. The trends suggest that modetptasss
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stabilized around the time that pro-forma stock option expense bexame
expense in the income statement. Panels A and B of Table 4 priivade
descriptive statistics for the sample and correlations betweeragsumptions.
Panel C relates expected life to all of the assumptions tsinadusly.
Assumptions appear to follow theory in terms of the relationship degtw
expected life and expected volatility. Oddly enough, the expectededwiyield
has a positive relationship with expected life.

| construct four benchmarks for expected life. The fitgfey;; , is the
historical estimate constructed in Section 3. The sedaifd,,;, , is the fitted
value from the estimation of Equation 2. The third benchmaf&;igiok, is the
average of the reported expected life for the previous five .yeanequire a
minimum of three observations to form this benchmark. The fourthhbeark,
Lifeiox, is the is the fitted value of equation 3. | construct four simila

benchmarks for volatility which are detailed in Appendix B.
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Panel A: 10-K Life
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Figure 3. 10-K Valuation Assumptions. The graphsvide various percentiles of stated assumptioms o
time. Volatility of assumptions depicts the disgjen among firms for a given year. Panel C is basdy

on non-zero dividend assumptions thus represergtipgrtion of the available data. Panel D shows the
percentage of dividend assumptions that are nam-zer
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Table 4

Analysis of 10-K Assumptions
Panel A presents the descriptive statistics of whl@ation assumptions presented in the 10-K per SFA
123(R). Panel B provides correlations among tlseimptions. The lower left portion of the table qanets
the Pearson correlations, and the upper right pral§ents the Spearman correlations. The four blaga
analyzed are the valuation assumptions as statéloeirlO-K. Expected Life is filtered on likely l@ar
grants. The data covers 1,180 firms from 1998 @082 The p-value to test the hypothesis that the
correlation is equal to zero is in parenthesemeP@ provides regression results where Expectédisithe
dependent variable and the remaining assumptioasttee independent variables. All variables are
Winsorized at the®land 99 percentiles. T-statistics for standard errorsraperted in parentheses.

Panel A: Descriptive Statistics

Percentile
Variable N Mean — St ot 2sth 5ot 75th 90th
Volatility 26,361 0.48 0.25 0.23 0.30 0.41 0.60 @®.8
Life 14,511 5.61 1.55 4.00 4.70 5.30 6.50 7.50
Div Yield 31,599 0.01 0.02 0.00 0.00 0.00 0.01 0.03
Risk-Free 26,693 0.04 0.01 0.03 0.03 0.04 0.05 0.06
Panel B: Correlations
Volatility Life Div Yield Risk-Free
volatilit 1.00 -0.24 -0.63 -0.09
y (<.0001) (<.0001) (<.0001)
Life -0.24 1.00 0.25 0.17
(<.0001) (<.0001) (<.0001)
S -0.63 0.25 1.00 0.05
DivYield — _ 5o01) (<.0001) (<.0001)
Risk-Free -0.09 0.17 0.05 1.00
(<.0001) (<.0001) (<.0001)
Panel C: Regression of Expected Life on 10-K Agstions
Intercept 4.75
P (80.49)
- -0.74
Volatility (-12.14)
. 23.45
Risk-Free (21.89)
S 14.43
Div Yield (17.84)
N 13,003
R-Squared 0.10




Panel A of Table 5 provides descriptive statistics for theb@echmarks

and deviations of reported expected life from those benchmarks. ®ke m
notable statistic is that reported expected life is 1.54 yeaatey than the
measurement for historical life. Panel B provides stasistoc the volatility
benchmarks and the deviations from the benchmarks. Disclosed valugs devia
from historical measures on average by -0.01 with a standard daviati
approximately 0.14. Expected volatility minus own historical reporteditility
has a mean of -0.01 and a standard deviation of 0.11. Expected valatiigyes
from benchmarks based on peer assumptions with a mean of 0.00 (by dasign)
a standard deviation of 0.12.

Panels A and B of Table 6 provide the correlations between ffezedit
benchmarks for both volatility and life. For life the correlaticssge from 0.58
to 0.73 whenLifey;s10x 1S €xcluded. The correlations witlifey;s10x range
from 0.29 to 0.51. Lifeyist10x » Unlike the other benchmarks, has no direct
connection to historical ESO holdings or economic factors. For viylatihe
correlations range from 0.75 to 0.97 whéwly; .10k 1S €xcluded. Correlations
with Volyisri0x range from 0.70 to 0.82.  The results suggests all of the
benchmarks are consistent with each other but provide unique informatioael Pa
C shows the correlations of deviations from the benchmarks. Deviftongife
benchmarks are highly correlated with deviations from otherbidiechmarks.
The most surprising of those correlations are the strong posiivelations
between deviations from the economic benchmarks and the deviatiorodvom

report history, ranging from 0.36 to 0.41. The same is true for volatility
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Table 5

Benchmarks and Deviations from Benchmarks
This table provides descriptive statistics for fobenchmarks for both expected life and expectedtiity.
Lifejox is the reported expected lifeLifey;s; is the measure of historical life of ESOs held ally
employees.Lifey;, is the fitted value of historical ESO life agaiesplanatory regressord.ifey;siiox 1S
the average reported expected life for the previaus years. Life;ox is the fitted value of expected life
against explanatory regressoi&ol, ok is the reported expected volatility.oly;,; is stock price volatility for
the prior five years. Vol is the fitted value of historical volatility againexplanatory regressors.
Volyiserox is the average reported expected volatility fer pevious five yearsol, o is the fitted value of
expected life against explanatory regressors.

Panel A: Life
Percentile
N Mean S9  aom 25 som 75t oot
Benchmarks
Lifeyig 3,442 4.15 1.43 2.30 3.11 4.12 5.18 6.00
Lifenise 3,312 414 086 3.04 3.67 4.24 4.72 5.09
Lifenigiox 12,108 5.63 1.43 4.00 4.73 5.40 6.40 7.40
Liferox 2,728 552 0.63 4.77 5.09 5.49 5.92 6.38

Benchmark-Adjusted Life

Lifejox — Lifeyist 2,946 1.40 1.58 -0.41 0.33 1.28 2.32 3.48

Lifesox — Lifeyist 2,831 141 1.37 -0.24 0.51 1.27 2.24 3.07

Lifejox — Lifegistiox 11,257  -0.06 0.78 -0.92 -0.30 0.00 0.23 0.74

Lifejox — Lifeqox 2,728 0.00 1.17 -1.32 -0.74 -0.07 0.65 1.44
Panel B: Volatility

Percentile
N Mean 59 1o0m 25th 50th 75th 90th
Benchmarks

Vol g 64,548 0.52 0.27 0.22 0.31 0.46 0.68 0.91
Volyise 53,297 0.54 0.20 0.30 0.41 0.53 0.66 0.79
Volyistiok 30,773  0.53 0.27 0.25 0.32 0.47 0.69 0.91
Voliox 27,762  0.50 0.21 0.26 0.34 0.46 0.63 0.80

Benchmark-Adjusted Volatility
Voliox — Volyist 30,627  0.00 0.15 -0.15 -0.05 0.00 0.06 0.13
Voliox — Volyist 28,050 0.00 0.18 -0.19 -0.11 -0.02 0.09 0.20
Voliog — Volyistiox 28,300 0.00 0.13 -0.14 -0.06 0.00 0.05 0.13
Voliox — Voliox 27,762  0.00 0.14 -0.13 -0.06 -0.01 0.05 0.13
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Table 6

Correlation between Benchmark-Adjusted Life and Volatility Assumptions
The following tables provide the Pearson corretatiamong the life and volatility benchmarks and
assumptions in the 10-K adjusted by the variouslearks. The p-value to test the hypothesis that t
correlation is equal to zero is in parentheses.

Panel A: Life Benchmarks

Lifeyist Lifeyise  Lifenistiox  Lifejox
, 1.00
LlfeHist
0.60 1.00

m\emst (<0.01)

Li 0.33 0.29 1.00
ifenistiok (<0.01) (<0.01)

— 0.73 0.58 0.51 1.00
feok  (<0.01)  (<0.01)  (<0.01)

Panel B: Volatility Benchmarks

Volyise Volyise Volyistiok Voliok
1.00
VOlHist
0.75 1.00

ValHist (<0.01)

Vol 0.79 0.70 1.00
Olhist10k (<0.01) (<0.01)

7ol 0.97 0.84 0.82 1.00
Ot1ox (<0.01) (<0.01) (<0.01)

(Continued)
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Table 6Continued
Panel C: Interaction between Volatility and Lifer®@hmarks

x e
3 3 T x 3 3 g x
S T 2 S x T x T = o o
T s R g dE i OSB
3= s N e = b3 &3 w1
S S S > | 3 3 27 3
Volyox 1.00
- VOlHist
VOZIOK 0.50 1.00
~Volyse  (<0.0)
Volyox 0.36 0.39 1.00
—Volyiserox (<0.01)  (<0.01)
Voliox 0.90 0.76 0.41 1.00
—Volyox (<0.01) (<0.01) (<0.01)
Life;ox -0.01 0.11 -0.02 0.07 1.00
— Lifeys; 0.44 (<0.01)  (0.25)  (<0.01)
Lifeox -0.02 0.12 0.01 0.07 0.73 1.00
— Lifenist (0.20)  (<0.01)  (0.66)  (<0.01) (<0.01)
Life;ox 0.01 0.00 0.00 0.00 0.25 0.31 1.00
—Lifeyisox  (0.22)  (0.82)  (0.62)  (0.84)  (<0.01)  (<0.01)
Lifeiox 0.06 0.06 0.06 0.07 0.75 0.85 0.37 1.00
—Lifepx  (<0.01)  (<0.01) (<0.01) (<0.01) (<0.01) (<0.01) (&)

benchmarks with correlations to deviations from own history rarfgomg 0.25 to
0.37. Thus a departure from the historical and economic benchmarkensaof
departure from own history in the same direction. Finally, P@nalso shows
that deviations from volatility benchmarks are mostly positivedlated to
deviations from life benchmarks but with low values. This is poténtastrong
result in the sense that theory would suggest that deviations shouddydtevely
correlated if the assumptions make economic sense. The lacknefadive
correlation indicates either intentional manipulation of values raational
expectations of the future.

Deviating from “true” values for the model assumptions createabitity

in reported value of options granted and consequently earnings, protefara
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SFAS 123(R) and directly after SFAS 123(R). Table 7 quantifiesmpact of
deviations from benchmark values on FMV and earnings per share. Hiiadas
value is the FMV based on benchmark values and the change BEMle
calculated from reported values minus the benchmark FMV. Panebwssthe
interquartile spread (value for“?@ercentile less value for thetﬁﬁercentile) in
percent change in FMV ranges from 18% to 37% for the various berchma
The change in earnings per share has an interquartile spréadntpas from 1.7
cents to 3.4 cents per share and extends to 7.8 cents per shaeeage between

the 10" and 98" percentile values.

Table 7

Deviation from Benchmark Sensitivity
This table demonstrates the change in Fair Markdt&/ (FMV) and Earnings Per Share (EPS) in dollars
where the baseline case is the Black-Scholes alleailated from the benchmark values and the dewidgd
based on the Black-Scholes value using the assongpith the 10-K. | assume all options grantedripthe
fiscal year are expensed immediately.

Panel A: Percent Change in FMV

Percentile
Assumptions N Mean g:i 10th 25th 50th 75th 90th
Lifeyise, Volyist 2,791 12% 23% -14% 1% 14% 27% 36%
Lifeyise, Volyise 2,682 4% 34% -36% -11% 10% 26% 39%
Lifeyistrioxr VOoluyiseiox 10,478 -3% 18% -25% -11% 0% 7% 15%
Lifeiox, Voliok 2,587 -3% 23% -28% -13% 0% 10% 19%
Panel B: Change in EPS
Percentile
Assumptions N Mean g:i 10th 25th 50th 75th 90th
Lifeyise, Volyist 2,755 -0.030 0550 -0.073 -0.034 -0.010 0.000 0.010
Lifeyise, Volyist 2,678 -0.010 0.580 -0.066 -0.026 -0.005  0.007 0.039
Lifegiseion, Volpissiox 10,225 0.000 0.500 -0.025 -0.007 0.000 0.010 0.036
Lifejox, Volyox 2,587 0.010 0.600 -0.028 -0.009 0.000 0.010 0.034

D. Incentives to Manipulate Reported ESO Expense
The previous section demonstrates that deviations from benchmark halgea

significant impact on reported ESO expense and earnings. Thdyspogsitive
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correlation (and hence a lack of negative correlation) betweentidegiérom life
benchmarks and volatility benchmarks suggests manipulation of values or
irrational expectations of the future. This section testpdssible incentives to
manipulate the assumptions and the subsequent effect of deviations dityvolat
and cumulative abnormal returns. Unlike traditional earnings neamagt where
managers shift profits across time, when FMV of options is undetegpdhere

IS no truing up at any point. Thus the effect is permanent anerigétion in
certain circumstances can be high. | test for manipulatiomenineentives are
high. Since manipulation of earnings carries risk of punishmenspltakt the
responsiveness of option price to changes in the assumptions. &testire

following logistic equations:

logit[Pr (LifeQl = 1)
= Lo + B1CAR_PriorYear + B, ReturnlYr
(4)
+ f3NegIncome + 5, Accrual + f5 OptionsOutstanding

+ foLn(TotAssts) + B, dEPS_dLife + fgTheta

logit[Pr (VolQ1 = 1)
= fo + B1CAR_PriorYear + B, ReturnlYr
(5)
+ f3NegIncome + (3, Accrual + (5 OptionsOutstanding

+ BsLn(TotAssts) + B, dEPS_dVol + BgVega
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LifeQl and VolQl are dummy variable equal to one if the deviation from
benchmarks for life and volatility respectively rank in the lowpsirtile (hence
the strongest deviation downwards). The variables equal O ifemective
deviations are in the top half of the distribution. | choose a Logdeibecause
there really isn’'t any theory to explain why firms would oveneste their
assumption. Thus | would not expect the specified relationship tteefidata for
observations that overestimate assumptions. | also remove the seaatild qbi
data because it is not clear if that group is just part ofitfteibution about the
mean or a group of firms that is possibly manipulating the assumptions.

CAR PriorYear is the cumulative monthly abnormal returns based on the
market model for the fiscal year. ReturnlYr is the stock return for the fiscal
year. | predict a positive coefficient for both return measuree snanagers of
firms with negative returns, either absolute or relative to &spens, may be
motivated to underreport to disguise compensation and improve the amgeafa
earnings. Neglncome is a dummy variable for negative net income. | predict a
positive coefficient since managers can reduce the losses thr@@lre¥pense
manipulation. Accrual is the accounting accruals as defined by Subramanyam
(1996). | predict a positive estimate since firms looking to impam@unting
figures may use both paths to do €aptionsOutstanding is the number of options
outstanding at the end of the year deflated by the number of shastanding
and serves as a proxy for motivation to disguise ESO expense thesraative
size of the stock option program. Thus | predict a negative caeeffici
In(TotAssts) is the natural log of total assets at the end of the fisel. Wega is
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the derivative of the value of the options granted with respetietedlatility of

the underlying stock. | predict a negative coefficient Y@ga since the
responsiveness of manipulating determines the effect on FM& doren amount

of deviation. | definelheta as the derivative of the value of the options granted
with respect to the expected life of the optioAll derivatives of option value are
evaluated based on benchmark values of both life and volatility whikdree
rate and dividend yield are the assumptions reported in the 10-K. Tihblewa
dEPS dVol and dEPS dLife are the derivative of EPS with respect to volatility
and life respectively. | predict positive coefficients for bothialdes as these
variables represent the ability to impact the bottom line.

Table 8 provides estimation results for equations 4 and 5. Mokeof t
results are quite mixed between different benchmarks for the seasure. It's
possible that a mechanical relationship exists that is not betkgdpup by the
model. Additionally, with the true effect on stock price undeterdyirtecould be
that the expensing practices of a firm affect the explanatanables. For
example, the return regressors suggest that profitable &rmsnore likely to
understate stock options expense. Nevertheless, it could be ththaadeese
firms have influenced their returns by the practice of unang stock option
expense. Despite these possibilities, the tests for incentavemnipulate ESO

expense in

® The Greek letter Theta is often used to describe the derivative of the option
value with respect to the time of the life of the option that has passed. In this case
Theta has the same value but with the opposite sign since 0 years have elapsed at
the time of grant.
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Table 8

Factors Affecting Deviations from Benchmarks
The following tables provide logistic regressiosulkés for factors affecting the likelihood of detms of
model assumptions from benchmark valuebife;ox and Vol,ox are the expected life and volatility
assumptions in the 10-K respectively. The benckeare defined in Tables 3 and GAR_PriorYear is the
cumulative monthly abnormal returns based on theketanodel for the fiscal yeaReturnlYr is the stock
return for the fiscal yeaNeglncome is a dummy variable for negative net inconfecrual is the accounting
accruals as defined by Subramanyam (19@jtionsOutstanding is the number of options outstanding at the
end of the year deflated by the number of sharéstanding. In(TotAssts) is the natural log of total assets at
the end of the fiscal yearVega is the derivative of the value of the options ¢geanwith respect to the
volatility of the underlying stock.Theta is the derivative of the value of the options geanwith respect to
the remaining life of the option. All derivative$ option value are evaluated based on benchmatleyaf
the expected life and volatility and the reportetles of the risk-free rate and dividend yield tasesl in the
10-K. dEPS dVol and dEPS dLife are the number of options granted divided by sharetstanding
multiplied byVega andTheta respectively. All variables are Winsorized a ff and 98' percentiles. All
units are in 1000’s for presentation of coefficient Errors are clustered at the firm level andajuss are
reported in parentheses.

Panel A: Expected Life
Dependent Variables

. Life Lifeiox Life Lifeiox
Predicted 10K it 10K —
Sign — Lifeyis — Lifeyis — Lifeyistiox — Lifejox
(1) (2) (3) (4)
ntercent -3.09 3.88 0.94 1.06
P (<0.01) (<0.01) (0.02) (0.17)
. 0.1 -0.05 0.11 0.05
CAR PriorYear - (0.41) (0.67) (0.08) (0.65)
0.18 0.33 0.05 0.01
Return1yr - (0.18) (0.02) (0.46) (0.95)
Nealncome + 053 0.65 -0.01 0.24
€9 (<0.01) (<0.01) (0.95) (0.1)
— N 232413 -80230.8 23250.5 49044.5
(0.58) (0.02) (0.23) (0.12)
. : 116 -0.69 -3.84 0.04
OptionsOutstanding + (0.33) (0.56) (<0.01) (0.97)
0.14 0.15 -0.08 -0.08
Ln(TotAssts) ? (<0.01) (<0.01) (<0.01) (0.02)
. 10.84 2.63 3.02 4.95
dEPS dLife + (0.01) (0.42) (0.04) (0.11)
0.25 0.28 0.23 0.1
Theta + (0.01) (<0.01) (<0.01) (0.32)
N 1,797 1,782 6,860 1,732
Pseudo R-Squared .08 .08 .02 .01
(Continued)
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Table 8Continued

Panel B: Volatility
Dependent Variables

Predicted Voliok Voliok Volyok Voliox
Sign —Volyist —Volyist = Volyistiox —Volyox
(1) (2) (3) (4)
Intercent -2.57 7.31 4.41 4.44
P (<0.01) (<0.01) (<0.01) (<0.01)
. 0.96 -0.86 0.45 0.24
CAR PriorYear - (<0.01) (<0.01) (<0.01) (<0.01)
-0.62 0.33 -0.51 -0.39
ReturnLyr - (<0.01) (<0.01) (<0.01) (<0.01)
Nedlncome + 0.35 -0.47 -0.55 0.01
= (<0.01) (<0.01) (<0.01) (0.92)
Accrual + 18690.68 15111.07 -13591.8 23637.51
(0.17) (0.34) (0.3) (0.08)
. . 0.49 0.58 478 -2.42
OptionsOutstanding + (0.23) (0.21) (<0.01) (<0.01)
s 0.09 -0.42 -0.26 -0.25
Ln(TotAssts) : (<0.01) (<0.01) (<0.01) (<0.01)
-0.47 -0.51 0.8 -0.68
dEPS dvol + (<0.01) (<0.01) (<0.01) (<0.01)
Veda + -0.03 0.04 0.02 0.01
€9 (<0.01) (<0.01) (<0.01) (0.14)
N 11,638 11,129 9,712 11,095
Pseudo R-Squared 14 17 10 06

this dissertation are very similar to those claiming to find a caus#bredhip, yet

the results of this dissertation yield no such results.

E. Effect of Deviations on Subsequent Sock Price

| propose there are at least two channels through which stock optipesse
may impact firm valuation. The more obvious channel is through reported
earnings. Nevertheless, the stated assumptions may also infilxengesestor

valuing the liability of all outstanding options plus the implicationghe delta
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and vega of the outstanding options. Probably the most interestsegrch
guestion with respect to this topic is whether or not investorsectbair own
assumptions for stock option valuation (perhaps in a fashion similar to the
benchmarks in this dissertation) or if they take the stock optiomegpat face
value. This question is very difficult to answer. Neverthelebgpbthesize that
noisy reporting of stock option assumptions leads to additional voldigypnd

expected levels. | test this hypothesis by estimating the followindiegqua

VolResid = B, + B LifeNoise + B, VolNoise + BsLifeNoise?

(6)
+ B4 VolNoise? + Industry Ef fects

VolResid is the residual of the estimation of equation B1 for the two pedaod
following the end of the fiscal year based on daily data. Egqu&l fits the
firm’s actual volatility to factors explaining volatility. Thuake residual of that
estimation is the difference of the actual volatility and tkpeeted volatility.
LifeNoise is the absolute value dfife;ox — Lifewise » Lifeiox — Lifenist
Lifeiox — Lifeyistiox » and  Lifejox — Lifejox  for regressions 1 thru 4
respectively. VolNoise is the absolute value dfol ok — Volyist » Voliox —
VolHist , Voll0K—VolHist10k , and Vo/10k—Vo/10k for regressions 1 thru

4 respectively. Industry effects are defined per the Fama-French 3Qiole$ini

The four estimations of Equation 6 are shown in Panel A of Table 9.

Regressions 1, 2, and 4 support the hypothesis that noise in stock cptose
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assumptions leads to greater noise in stock price in the subsegpgst
Interestingly, the effect is attenuated with larger values of noise.

Another measure of price discovery that may be useful in thigsamad
the cumulative abnormal return following the release of the 10FKe ex-post
returns could follow several patterns depending upon the theory ofsevdn
investors take the assumptions at face value the cumulative abntonals
could be negatively related deviations in assumptions. If investorsuaellgraee
through deviations or even elect punish a firm for underestimatingexénse,
cumulative abnormal returns could be positively related to deviatioasel B of
Table 9 shows there are significant relationships with CARsveiftleeless, with
predictive theory unable to pinpoint the likely outcome, the most conservat
conclusion is that there is some effect on subsequent stock prite dergations

in assumptions.
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Table 9

Effect of Reporting Variability on Subsequent Volatility and Returns
The following table provides regression resultsdiobsequent stock price volatility and cumulatiba@mal
returns as a function of the deviations from thadbenark values of expected life and expected \itati
The dependent variable in Panel A is the residi#he predicted volatility based on a regressionilar to
regression 1 of Table 5, Panel B. The measurepentd for subsequent volatility is one year bedgign
one month after the end of the fiscal year. Theeddent variable in Panel B is the cumulative atmabr
monthly return based on the market model for thmesperiod of time. LifeDev is the absolute value of
Lifejox — Lifeyist » Lifesox — Lifeqise » Lifeiox — Lifepiseron » Liferox — Lifeso for regressions 1 thru
4 respectively. VolNoise is the absolute value dfoligx — Volyise » Voliox — Volyise » Voliox —
VolHist10K , Vol/10A—Vo/10& for regressions 1 thru 4 respectiveblyifeDev and VolDev are defined the
same asLifeNoise and VolNoise but are merely the difference without taking thksolute value.
SignedLifeDev? andSignedVolDev? are the squared valued affeDev and VolDev with the original sign
applied to the squared value. The coefficientshenife measures are multiplied by 1000 to shosvgtecise
value. All tests control for industry fixed effsctiefined by Fama-French 30 industry definitions. All
variables are Winsorized at th& and 99" percentiles. Errors are clustered at the firnell@nd t-statistics
are reported in parentheses.

Panel A: Subsequent Residual Volatility

(€] 2 3 4
Intercent 0.21 0.21 0.01 0.22
P (1.98) (1.91) (0.29) 2.2)

. . 155 9.3 -1.6 2.47
LifeNoise (2.37) (1.17) (-0.19) ©0.2)
VolNoise 0.16 0.25 0.03 0.31

(1.48) (2.77) (0.39) (2.55)
-2.26 -1.82 2.08 -0.25
. . 2
LifeNoise (-1.85) (-1.23) (0.54) (-0.07)
-0.69 -0.48 -0.47 -1
fepl
VolNoise (-2.65) (-2.28) (-1.95) (-2.7)
N 2,639 2,631 8,851 2,526
R-Squared 0.04 0.04 0.01 0.04
Panel B: Subsequent Cumulative Abnormal Returns
1) (2 3) 4)
Intercept -0.14 -0.22 0.11 -0.09
(-1.22) (-2.39) (1.08) (-0.72)
LifeDev 34.56 9.53 -6.27 -8
(2.13) (0.55) (-0.29) (-0.34)
VolDev -1.45 1.03 0.82 -0.2
(-5.98) (6.52) (5.24) (-0.76)
SignedLifeDev? -1.1 4.01 13.45 7.54
(-0.32) (0.97) (1.13) (0.78)
SignedVolDev? 2 0 -2.08 1.02
(2.35) (0.01) (-3.34) (0.87)
N 2,639 2,631 8,851 2,526
R-Squared 0.18 0.21 0.13 0.13
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CHAPTER 6
CONCLUSION

This is the first paper to measure the average historfeabfiESOs of a
broad set of firms, analyze factors driving the average lifel, @elate those
findings to stated assumptions of expected life of ESOs. | findnten life of
ESOs to be consistent with another study using data from allogegd, but
shorter than the holding period for studies based on executives alone. T
average reported expected life is higher than the average holeliiogl. 1 find
long run volatility, percentage of options granted to executivesngestihedule,
peak returns, risk-free rate, dividend yield, market to book, return etsassd
industry have the greatest impact on exercise behavior. | aldofifms
incorporate their own historical holdings into reported expected &itof in the
age of the options outstanding at the end of the year, and generallyhaign
assumptions with industry peers. These results are qualitasiveibar to results
based on executives only but the model has significantly strongnexpia
power.

| find deviations of reported assumptions from benchmark values are oft
a deviation from prior reported values in the same direction. Dewngafrom life
benchmarks are slightly positively correlated with deviations fratatility
benchmarks suggesting intentional manipulation of ESO expenseatonal
expectations of the future. The net impact of these depaftorasbenchmarks

results in significant changes if FMV and reported earnings.
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| test incentives to manipulate reported expense and stock option
characteristics that may affect stock price. Unlike thargxiterature, | do not
find direct evidence of a relationship between deviations from bemkknaad
incentives to manipulate ESO expense. Nevertheless, my rexlittate subtle
manipulation or irrational expectations of the future.

Noise in stock option expensing is important to the degree thHedtsa
stock valuations. | show that deviations from benchmarks, both positive and
negative, increase the subsequent excess volatility. | findtisi@ty significant
relationships between deviations from benchmarks and subsequent cumulative
abnormal returns. Nevertheless, the underlying theory remains to be pinpointed.

The formation of benchmarks highlights the difficulties firms face
creating expectations for future results. Expected volaslhiyuld be based on
historical volatility which is an easily obtained measuremenbbth the firm and
the firm’s peers. Yet deviation from own history, a simple araigttforward
measurement, still has a standard deviation of 0.15. Expected &feeh more
difficult since the measurement window time span is subjectieatnient of
outstanding options requires more expectations based on beliefs, and tioiorma
about peers is not publicly available. Thus it is unclear how prdabise
benchmarks are and how much error there is in the firm’'s @ssnofthe future.
Tests for manipulation suggests there are firm charactsriiat lead to over and
understating, but the reasoning behind these relationships is notaret Elgure

improvements to this study will improve the explanatory power ofdgesssion-
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based benchmarks and attempt to provide better specification for nibdels
explain the deviations from benchmarks.
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APPENDIX A
SAMPLE SELECTION BIAS
The data for this dissertation are not widely available data,tlauns require
significant time and resources to collect. For the sample p&@68 to 2009,
Compustat provides most of the data required but does not report the ESO
valuation assumptions until 2004. The proprietary database supplied by Ver
Research provides these assumptions for all dates for a subehf For
analysis of valuation assumptions, this study utilizes the Veata only.
Additionally the data are filtered for firms that grant predomilyal0 year
options. The first column of Panel A of Table A1l shows that thed/eniverse
of firms is 3,575 of the 9,819 firms in Compustat that had options outstartding a
some point during the sample period.
Additionally, Compustat does not report the weighted average remainin
life of the options outstanding, a key component to determining the aJdeagie
the ESOs that were terminated during the fiscal year. ®higst collected by
Verus research. Nevertheless, at the time of original collecthe purpose of
these data was not specified and certain collection practieee many of the
firm-years invalid. These data are being corrected at the of the writing of
this dissertation, but the usable data are a subset of the Vesus Tae first
column of Panel A of Table Al shows that 739 firms of 3,575 firms haleasit

one firm-year with a seven year average for ESO life.
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Table Al

Selection Bias Analysis
The following table provides analysis to determihe extent of selection bias from the overall Costau
universe of firm with options outstanding, to thébsample of firms in the proprietary data provided
Verus Research, to the sub-subsample of firms kigttorical ESO life. All variables are definedTiables 3
and 5. Panel A provides the percentage of firmesaich industry as defined by the Fama-French 3@sing
classifications for each dataset. Panel B provildessc statistics for key regressors for the tigreeips.

Panel A: Industry Comparison

Industry
Sample N Firms 1 2 3 4 5 6 7 8 9 10 11 12 13 14
g” with 9819 2% 0% 0% 2% 1% 1% 1% 12% 2% 0% 2% 1% 3% 1%
ptions
Ast:tg“p 3575 2% 0% 0% 2% 1% 1% 1% 10% 2% 0% 3% 1% 3% 1%
Eissgorli_‘?a' 739 2% 1% 0% 1% 1% 2% 2% 11% 3% 0% 2% 2% 4% 2%
ife
Industry
Sample 15 16 17 18 19 20 21 22 23 24 25 26 27 28 2980
g':)‘t’i"(')trs 1% 1% 3% 0% 4% 2% 3% 14% 13% 1% 2% 3% 4% 2% 16% 1%
Ast;g“p 1% 1% 1% 0% 4% 4% 3% 13% 12% 1% 2% 3% 6% 2% 17% 0%
Egtoorli_fg 1% 1% 0% 0% 3% 4% 2% 11% 11% 2% 3% 3% 7% 1% 16% 0%
Panel B: Key Regressor Comparison
N Mean
All Assumption  Historical All With Assumption Historical
With Data ESO Life Options Data ESO Life
Options
PctTop 5 62,558 26,632 9,425 0.32 0.31 0.29
Vest 62,540 26,644 9,421 2.25 2.23 2.24
Volyise 27,540 21,439 8,603 0.61 0.48 0.46
Volsaies 57,335 24,646 9,041 0.09 0.06 0.05
Ret5 33,710 23,952 9,117 0.33 1.14 1.15
MaxRet5 34,011 24,024 9,129 0.57 0.42 0.42
CAPMBeta 29,824 22,332 8,803 1.1 1.17 1.12
DwYield 55,074 24,050 9,026 0.01 0.01 0.01
In (TotAssts) 60,032 25,512 9,212 17.94 20.41 20.76
In (SalesGrowth) 49,031 23,014 8,450 0.15 0.18 0.15
M/B 62,979 26,663 9,438 1.02 2.16 2.56
D/E 33,670 23,550 8,925 0.7 0.52 0.45
ROA 59,832 25,488 9,203 -0.4 -0.02 -0.02
R&D 60,032 25,512 9,212 0.08 0.05 0.05
HH 52,148 24,498 8,936 0.14 0.13 0.14
(Continued)
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Table Al1Continued

Panel C: Heckman Selection Model for Historicalafitity

Selection Model Structural Model
(p-value in parentheses) (t-statistic in parentheses)
1) 2
Intercent -20.61 1.21
p (<.01) (28.98)
e ——— 1.05 -0.04
In (TotAssts) (<.01) (-32.79)
—_——— 0.55 0.04
In (SalesGrowth) (<.01) (5.06)
Volours -0.39 0.42
(<.01) (10.65)
— 0.19 0.01
M/B (<.01) (5.02)
S -0.42 0.04
D/E (<.01) (18.56)
- 0.78 -0.25
koA (<.01) (-12.65)
— 2.31 0.24
R&D (<.01) (7.04)
Tanex 1.14 0.18
apex (<.01) (3.91)
Two Digit SIC Code
Dummies where both are 50f71
models are significant
Heckman Correlation -0.004
Coefficient (t-statistic = -0.18)

(Continue)
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Table Al1Continued

Panel D: Heckman Selection Model for HistoricalESfe

Selection Model Structural Model
(p-value in parentheses) (t-statistic in parentheses)
@) 2
Intercept -11.33 6.02
(<.01) (4.8)
—— 0.96 1.13
PctTop 5 (<.01) (3.39)
0.07 0.12
Vest (<.01) (2.34)
Vol 1.15 -4.04
Otrist (<.01) (-6.97)
Vol -1.54 -0.56
Olsales (<.01) (-1)
— 0.01 -0.05
Ret5 (0.53) (-1.49)
R -0.27 0.81
MaxRet5 (<.01) ?3)
—_ -0.01 0.13
CAPMBeta (0.81) (1.33)
—— 5.96 -12.69
DwYield (<.01) (-3.75)
e 0.45 0.04
In (TotAssts) (<.01) (0.99)
——— 0.27 -0.13
In (SalesGrowth) (<.01) (-0.56)
— 0.08 0.06
M/B (<.01) (2.19)
— -0.3 0.06
D/E (<.01) (0.89)
S 1.02 0.63
koA (<.01) (1.98)
— 2.06 0.76
R&D (<.01) (0.91)
— -0.12 -0.01
HH (0.34) (-0.03)

Fama-French 30 Industry
Dummies where both are 2 0f 30
models are significant

Heckman Correlation -0.058
Coefficient (t-statistic = -0.24)
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The historical selection of firms into the Verus database isidenes by
Verus to be a randomized process but the continuing refinement dathes
biased towards larger firms. The firms with adequate dataviemrage ESO life
calculations are considered a random subsample of the Verus fmssthey
should be no more biased than the overall Verus sample. To testléotion
bias, | focus on specification of regression 1 of Table 3 and sgne% of Table
5. Both of these regressions explain the historical volatihty lastorical ESO
life respectively. Panel A of Table Al shows the distributioniwhd in the
sample by industry under the Fama-French 30 industry definition. Both
subsamples of data closely match Compustat with the greatestddés being
for industries 20 and 27. Panel B shows the count and means for the key
regressors of the two regressions focused on in this appendix. dcheppear to
be differences between Compustat and both subsets of data. Withfdtersiag
on larger firms, it appears the Verus universe consists of tinatsare larger,
more profitable, and less volatile. These factors could be impantaxplaining
variations in historical volatility and historical ESO life.

To better characterize the effects of these differencdseinlata, | utilize
the Heckman (1979) selection model. Under this model, rho represents the
correlation of errors between the structural model of interestttandelection
model that determines if the data do or do not appear in the stfuntdal. An
insignificant test of rho does not reject the null hypothesisrtimais equal to zero
and that the selection model does not influence the estimates efrticéural
model. Panels C and D both show that many variables are sighifichoth the
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selection of data that appear in the structural model and theusadutiodel itself.
Nevertheless, both tests fail to reject the null hypothesigitioais equal to zero.
Thus | conclude that while the data are skewed towards larger stable firms,

the implications of the key estimations are not adversely affected.
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APPENDIX B
HISTORICAL VOLATILITY
| construct four benchmarks similar to the expected life bendtsmarhe first
benchmark is actual historical volatilityplyis . It is defined as the annualized
standard deviation of the natural log of one plus the monthly returasures
over the previous five years. The second benchmiarky;, , is fitted value

based on the following regression:

Volyist = Bo + B1Volyarket + B2 1og(TotAssts) + B log(SalesGrowth)

+ B4M/B + BsD/E + BsROA + f,Treas7yr+PgR&D (B1)

+ B9CAPEX + Industry Fixed Ef fects

Volyarke: 1S the annualized volatility of monthly returns for the previous five
years for the value-weighted portfolio as defined by CRSP. A#rotariables
have been previously defined and a bar over any variable meawnarihale is
averaged over the previous five years. Industry fixed effectdedireed by two
digit SIC code due to the larger data set for historical valatlé compared to
historical ESO life.

Panel A of Table B1 provides descriptive statistics for thrapsa for
volatility estimation” The first regression in Table B1 provides the estimates of

Equation B2. Historical volatility, as specified in this modaelargely driven by

" The sample for expected life estimation is considerable smaller dufutdioms
to confirmed 10 year grants and the costly nature of manual cleaning of the data.
When volatility is analyzed apart from expected life, the sample size is
considerably larger.
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market volatility, firms size, D/E, and ROA with standardizedffo@ents of
0.20, -0.31, 0.16, and -0.23 respectively. Industry fixed effects contribute an
additional 8 percentage points to adjusted R-Squared.

The third benchmarkyolyig10k, IS the average of the reported expected
volatility for the previous five years. | require a minimum of four observatmns t
form this benchmark. The fourth benchméik,,, is the is the fitted value

based on the following regression:

Voliok = Bo + B1V0olyist1yr + B2V0lyistsyr + B3Voliog ma + B,V 0lyarket

+ B log(TotAssts) + B log(SalesGrowth) + 8,M/B
(B2)

+ BgD/E + B4ROA + B, Treas7yr+p,,R&D + B,,CAPEX

+ Industry Fixed Ef fects

VOlnistyr, VOlhissyr, and  Voliok, ind are the annualized one year historical
volatility of daily returns, annualized five year historical vitky of monthly
returns, and median contemporaneous reported expected volatility fodige 2
SIC code. All other variables have been previously defined. Averadgesyas
indicated with a bar, are averaged over the prior 5 years aspactaton of
future values. Industry fixed effects are defined by the 2-digit SIC code.

The second column of Panel B of Table B1 provides estimation résults
Equation B2. When determining expected volatility for the 10-K,digonsider
their own historical volatility (coefficients of .10 and .59 for sherth and long-

term respectively), contemporaneous stated value for the industry (coefbei
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Table B1

Factors Affecting Volatility
Descriptive statistics for the sample are providledPanel A. Panel B presents regressions resoits f
formulation of the volatility benchmark&oly;s; andVolyox . VOluigayr » VOluis, VOlyarkes VOliok 1ngy  @Nd
Volyo are the 1 year historical volatility of returnsy®&ar historical volatility of returns, 5 year higtal
volatility returns of the market, median expectedlatility for the 2-digit industry code, and expedt
volatility stated in the 10-K respectivelyTotAsst is the total assets in billions. Salesgrowth is the
percentage change in saleBl/B is the market to book ratioD/E is total debt divided by market equity.
ROA is operating income divided by total ass@t®as7yr is the implied return on a seven year government
bond. R&D is research and development expense divided ly assets. CAPEX is capital expenditures
divided by total assets. All variables with a lahove them are averaged over the previous fivesyeaH
tests control for industry fixed effects definedbyligit SIC code. All variables are Winsorizedta ' and
99" percentiles. Errors are clustered at the firmellend t-statistics are reported in parenthesemelrC
provides descriptive statistics for all four beneinks, the differences between the benchmarks, laad t
difference between volatility as stated in the 1@#d the benchmarkVolyig10« is the average of reported
10-K volatility for the previous five years.

Panel A: Descriptive Statistics for Sample

Percentile

N Mean S aom  2sth som  7sth oot
Volyis 0.49 0.25 0.22 0.30 0.44 0.64 0.85 0.49
Volyox 0.49 0.25 0.23 0.31 0.44 0.63 0.83 0.49
Volyiseryr 0.53 0.30 0.23 0.32 0.45 0.67 0.93 0.53
Voliok ma 0.48 0.16 0.26 0.35 0.49 0.60 0.69 0.48
Volyarket 0.15 0.03 0.09 0.13 0.16 0.18 0.19 0.15
TotAssts 4.70 14.02  0.05 0.16 0.65 2.49 9.93 4.70
SalesGrowth 0.24 0.52 -0.02 0.04 0.12 0.25 0.53 0.24
Volggies 0.05 0.07 0.00 0.01 0.03 0.06 0.10 0.05
M/B 2.48 2.38 0.01 1.01 1.83 3.22 5.60 2.48
DJ/E 0.50 0.97 0.00 0.03 0.17 0.53 1.24 0.50
ROA -0.04 0.26 -0.22  -0.02 0.02 0.06 0.10 -0.04
Treas7yr 0.04 0.01 0.03 0.04 0.04 0.05 0.06 0.04
R&D 0.05 0.11 0.00 0.00 0.00 0.06 0.17 0.05
CAPEX 0.05 0.05 0.00 0.01 0.03 0.06 0.10 0.05

(Continued)
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Table B1Continued

Panel B: Regression results for Volatility benchima

Dependent Variables

Volyist Volyok
@) ()
Intercept 0.92 Ta
p (22.7) (13.7)
0.10
Volyistiyr (14.12)
0.59
Volyst (52.3)
0.16
Voliok,ina (8.26)
Vol 1.86 0.01
OlMarket (59.92) (0.38)
- -0.04 -0.02
log (TotAssts) (-34.6) (-20.08)
Tog (SalesGrowth) ©.79) (082)
Vol 0.36 0.03
Olsates (11.45) (1.32)
0.01 0
M/B (6.84) (0.72)
— 0.04 0
D/E (19.44) (0.17)
-0.21 -0.03
ROA (-10.82) (-2.88)
Treas7yr (1), Treas7yr(2) (2.(])-2) (ggg)
0.26 0.08
R&D (8.76) (3.19)
0.07 -0.03
CAPEX (1.7) (-0.79)
N 53,297 27,762
Adjusted R-Squared 0.56 0.70

0.16), and many other factors that may drive future volatilityugholg total
assets (negative), ROA (negative), seven year government bondpgsltive),
and R&D expenditures (positive). Unlike expected life, the detetmn of

expected volatility closely matches the coefficients that driverdns| volatility.
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