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Abstract. This paper examines the incentives from stock aptifor loss-averse employees subject to probahilitighting. Employing the
certainty equivalence principle, | built on insighitom Cumulative Prospect Theory (CPT) to derivepatinuous time model to value options
from the perspective of a representative emplo@eesistent with a growing body of empirical and exmpental studies, the model predicts that
the employee may overestimate the value of hioogtin-excess of their risk-neutral value. Thinésertheless in stark contrast with a common
finding of standard models based on the ExpectdiylUtheory (EUT) framework that options value dcarisk-averse undiversified employee is
strictly lower than the value to risk-neutral odtsiinvestors. In particular, | proved that lossraim and probability weighting have
countervailing effects on the option subjectiveuealln addition, for typical setting of preferengesameters around the experimental estimates,
and assuming the company is allowed to adjustiegistompensation when making new stock option grethe model predicts that incentives
are maximized for strike prices set around thekspce at inception. This finding is consistentwEéompanies’ actual compensation practices
that standard EUT-based models have difficultie®aunodating their existence.
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1 Introduction

Instead of an increasing interest for restricteatlstand performance unit plans, the 2006 Hewittogges Total

Compensation Measurement survey has revealedttigk gptions are still the most prevalent long téncentive

vehiclé. The stated argument for the large use of exegwstiock options is that they align the interestexefcutives
and shareholders since they provide incentivesiimmanager to act in order to increase the firlnezal'he use of
stock options has even overtaken the traditionaharof executive population. Actually, firms’ compgation

practices show that stock options are issued t@mwon-executive employees as well. In orderdaré out the
reason why stock options may be attractive to eggas it is crucial to assess the utility they reedrom them.

Moreover, understanding how employee evaluatestatsk options (i.e. their subjective value) allcagsessing their
incentive power and the implied employee behavioterms of risk taking.

Most of the theoretical literature on stock optiaeties on the Expected Utility theory (EUT henc#ip
framework to derive models of option value from #reployee perspective (Lambettal, 1991; Hall and Merphy,
2000, 2002; Henderson, 2005). These models préuittthe nontransferability of the options and Heslging
restrictions faced by the employee make him valseoptions below their issuance cost born by thegany (i.e.
their risk neutral value). Moreover, standard ndimea models fail to predict stock options as pafttioe
compensation contract. Several quantitative stutdikig place in principal-agent framework showbdttEUT-
based models predict optimal compensation contrabtsh do not contain convex instruments like stogtions
(Holmstrom and Milgrom, 1987; Dittmann and Maug02)

halshs-00618477, version 1 - 1 Sep 2011

This paper analyzes the valuation of stock optiand their incentives effect to an employee exhibiti
preferences as described by Cumulative ProspeadryH@versky and Kahneman, 1992). It aims to prepas
alternative theoretical framework for the analysigpay-to-performance sensitivity of equity-baseinpensation
that takes into account a number of prominent pattef employee behaviour that standard EUT caerptain.
This work is motivated by recent empirical and ttetical researches on employee compensation incaipg
CPT-based models (Dittmarat al, 2010; Spalt, 2008). These models have provedess@d in explaining some
observed compensation practices, and specificallyalmost universal presence of stock options énetkecutive
compensation contracts that the EUT models haviewifes accommodating their existence. Thereftiney have
advanced CPT framework as a promising candidatthéanalysis of equity-based compensation coistract

1 80% of the responding participant companies tostirwey have reported that stock option grantsesapnt in 2006, on average, about 54% of
their global long-term incentives.
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| drew on this theoretical framework to derive atbouous time model of the stock option subjectiradue
using the certainty equivalence principle. | themfprmed sensitivity analyses with respect to pefees-related
parameters and found that loss aversion and pridyakeighting have countervailing effects. In pediar, | proved
that the option subjective value is increasing riabability weighting degree and decreasing in lagsrsion. My
analyses also show that, for a given level of optitoneyness, the subjective value of the option liesystrictly
above the Black and Scholes value (BS hencefortt®vihe effect of probability weighting tends taxdoate that
of loss-aversion. These results lead to the commiuhat the lottery-like nature of stock-optiomembining large
gains with small probabilities, may make them ativ@ to employees subject to probability weightiwgich is
consistent with the proposition that employee aptialue estimate may exceed the BS value (Lambertarcker,
2001 ; Hodgest al, 2006 ; Sawerst al, 2006 ; Hallock and Olson, 2006 ; Devetsal, 2007).

Furthermore, this work elaborates on incentivemfstock options and on some implications in terfngesign
aspects. Following previous researches, | definedritives as the first order derivative of the satiye value with
respect to the stock price. A numerical analysishefincentive function shows that stock optioneinttve effects
are increasing in employee’s degree of probabiligighting and may even lie above incentives foisk-meutral
individual. Moreover, | considered the incentivéeefs of setting the strike price of the option abor below the
stock price at inception. In this analysis, | rélien Hall's and Murphy’'s (2002) methodology in soty for the
exercise price that maximizes incentives holdingstant the company cost of granting the optiongsdd this
approach to explore the situation where the compaajlowed to adjust existing compensation whekinganew
stock option grants. For typical setting of preferxes parameters around the experimental estimeigs CPT
(Tversky and Kahneman, 1992), the model predids iticentives are maximized for strike prices seuad the
stock price at inception, which is consistent wittmpanies’ actual compensation practices. Additiamalyses
suggest also that loss-averse employees who arsuliject to probability weighting, or even with yeweek
degrees of probability weighting, receiving optioas high exercise price would willingly accept at dn
compensation to receive instead deep discount mptio restricted shares for those of them disptayiore loss-
aversion. This result is broadly consistent withl tad Murphy (2002) and Henderson (2005) findifigs non-
diversified risk-averse employees.

This article proceeds as follows. The first sectiescribes the features of stock option value fribim
perspective of a representative employee with peefees as described by CPT. Throughout this pamewill refer
to this employee as a “CPT employee”. This secpfmvides also numerical analyses on the model thétsito
preferences-related parameters. The next secttardirces incentive effects of stock options for RTé&mployee
and examines some design implications in termstrifesprice setting. The risk taking incentives sfien is
explored in the third and last section. Appendjmeside proofs of the propositions in the first tiae.

2 Stock option value from a CPT-employee per spective
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In this section, | develop a base-case model faltyaing the value of the stock-option contract frisra perspective

of a representative employee with CPT-based prefee(subjective value henceforth). Specificallgssume that
the employee is granted a European call optiorhencompany’s stock, denoted 8ywith maturity date=T and
strike priceK. These are the traditional features of executigeksoptions as reported in Johnson and Tian (2000)
and used by prior studies focused on stock optimeritives (Lamberet al, 1991; Hall and Murphy, 2002;
Henderson, 2005). Often in practice, stock optiares Bermudan-style options. Thus, my model relieamaive
setting in that it ignores complications relate@&oly exercise or forfeitures.

2.1 Theoretical framework

2.1.1 Stock-option contract

The stock option contract is issued t#¥0. The contract payoff at expiry=T, is h, :(Sr— K)+. I make the

assumption that the employee is not allowed totsell the company stock and that he can earniskenee rater
from investing in a riskless asset. Moreover, thieepdynamic of the stock is given by a geometriovihian
motion represented by the following SDE:

d§=(r-q $dro Sdz @
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Z is a standard Brownian motion with respect to thebpbility measuréP. o andq are respectively the total
variance of the stock price returns and the divitgeld.

2.1.2 Risk preferences

Following Tversky and Kahneman (1992), | consideattto each gamble with a continuous random outcom
y[O IR which the probability density function is denotadf (y) , the employee assigns the value:
E,(¥)= v (Y ®( () @

IR

Note that the expectatioR, (.) is a function of two distinct functions. The fifsinction,v, (.) , called the value
function, is assumed of the form:

ve(y):{ (v-0) ,ayze ,WhereO<ag<land =1 ()
-A(6-y) ;y<8

This formulation has some important features thgttrdjuish it from the standard utility specifiaati First, the
utility is defined over gains and losses assesssddon the reference point denotedéhyThe second important
feature is the shape of the value function. Whils convex over losses, it is concave over gairtsch represents
the observation from psychology that people ark @serse over gains and become risk-seeking ovegeto
Moreover, the value function has a kink at the iarigtroduced by the parameter>=1. This feature, known as
loss-aversion, gives a higher sensitivity to loss@®pared to gains. Finally, outcomes are treagparsitely from
other components of wealth, which reflects the \deltumented phenomenon of narrow framing (Tha@®9).

The second functio, | () , is called the weighting function. It applies tenwulative probabilities, represented

by the cumulative probability functidﬁ(.) , in order to transform them into decision weigdtsording to:

m L)) B
F(y) +@-F(y)r)
Qa‘b(F(y)): ( () ¢ X () ) whereo.28<a< 1ando.28<b<1  (4)
F(y) Ty<é@
(F) +a-F(y)r)

This function stands for another piece of CPT, Wwhis the nonlinear transformation of probabilities.
Specifically, it captures experimental evidencepenple overweighting small probabilities and beimgye sensitive
to probability spreads at higher probability levalie degree of probability weighting is controlleeparately over
gains and losses by the weighting paramedesadb respectively. The more these parameters apprtechower
boundary at 0.28 the more the tails of probabitiigtribution are overweighted. For instance, wlasrb=1,
probability weighting assumption is relaxed. Fongiicity, these parameters are assumed to be ¢guia=b) and

the weighting function will be denote@, () in the rest of this paper. Finally, note that thvér boundary at 0.28 is
a technical condition to insure that, (p) is positive over ]0,1[ as required by the followifirst order condition:

op

(- +{afa- B+ (1= §'2 0

2.2 Stock option subjective value

2.2.1 The model

In order to estimate the subjective value of tleelsoption contract described above, | use theacgyt equivalence
principle. In particular, this value is definedthe cash amourt, , , that leaves the employee indifferent between
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this amount and the uncertain payoff of the comtrac, irrespective of the composition of the remaindehis
private wealth. FormallyC, _ is the solution of the following equation:

v, (C,.€") = E, { v( b)}
o (n) oo, ((3) ©

The left-hand side of the equation above repreghrtbenefit for the employee from receiving thehcamount
C,.instead of the stock option contract at the in@epdf the latter. This amount is assumed to beeglacto the

risk-free asset over the whole lifetinfeof the stock option contract. The other side af dguation gives the
expected utility to the employee from receiving tieky payoff implied by the value functione(.). Here, the

expectationE,, relies on the transformed probability meade. Let E, represent the expectation in the right-
hand side of (5). It follows from (5) and (3) that:

1
(e+(E&a)aje-”, if E,20
Ce‘a = 1 (6)
6’—[—71 g‘a] e, otherwist
Where E,, should write:
Ee,a = l;,a + lHZ,a + I ;,a (61)
With:

400 I,

I;‘a:j(g( Ugb j (XY d> (6.2); j/\(K+9 g(x ng j (X dx (6.3)
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' o\T
Hereg(.) is the Gaussian density function afii( p) = is the first-order partial derivative @, (.) .

00, (p)
op

2.2.2 Reference point set up

Although CPT specifies the shape of the value foncaround the reference point, it does not progdilance on
how people set their reference points. Neither doest of the psychological literature relying or @issumption
according to which the reference point is the Stajuo. Instead, this literature admits both thestexice and the
importance of non-status quo reference points sficere are situations in which gains and losses ewded

relative to an expectation or aspiration level thiiffers from the status qu@ahneman and Tversky, 1979).

In principle, employee would update the referenaimtpin a way that fits with his own expectatiorgarding
the underlying share price at expiry. Intuitivelye employee could estimate the intrinsic valuéhefoption based
on his future share price forecasts as he carorethe BS value of the option disclosed by the fifollowing Spalt
(2008), | consider that the reference point paramigt the model, is the BS value Beyond the argument of
empirical evidence on employee exercise behaviepedding on non-status quo reference points (Huddat
Lang, 1996; Heatlet al, 1999; Bahaji, 2009), this assumption is suppobgdirms common practices in terms of

2 To be more precise, the value used here is thectadion of the option payoff at expiring yieldeglthe BS model (i.e. the nondiscounted BS
value). Consistent with this specification, the j@bility measurdP used to derive the subjective value in (6) is tiisk neutral probability
measure. Moreover, ignoring the probability weigbtifeature (i.ea=1), this setting allows the subjective value imgliey the model to
converge towards the risk neutral value (i.e. BBe)awhen the preferences of the employee tengkmeutrality (i.ea=1=1).
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stock option compensation. Most of stock-optionigiesrs use the BS model in order to estimate theevaf stock
options as constituents of the total compensatakage. This value is usually announced to the @yepl at the
inception of the options. Moreover, the BS moderégsommended in the FASB and the IASC guidelings fo
determining the fair value of stock options (ifee amount an outside investor, with no hedge otigtnis, would
pay for the option) that needs to be disclosedhénfinancial statements. These statements, comgrike BS value
of the stock options, are provided to shareholderaell as stakeholders including employees.

2.2.3 The impacts of preferences-related parametersmeencal analysis

To provide a concrete outline on the profile of subjective value yielded by the model relativehte risk neutral
value profile, | performed a numerical analysi$the value of a 4-year call optioh=4) with a strike pric&=100.

For the remaining option-related parameters, ttguréis were computed assuming no dividend payments
(q=0%),05=30% and r=3%. Moreover, | set the curvature patame the value functionof and the loss aversion
coefficient §) to respectively 0.88 and 2.25 based on experiaherstimates from CPT (Tversky and Kahneman,
1992). Furthermore, in order to calibrate the phbiliig weighting function, | used three differenalues of the
parametem within the range of values estimated in the experital literaturé

Figure 1 depicts the option value as a functiorihef stock price. The three blue curves representvéue
profiles from the perspective of three CPT emplsyegth the same value function and different degreé
probability weighting. At first sight, depending dime degree of probability weighting and the optinoneyness
(S/K) the subjective value could lie either under oiobethe BS value. In contrast, standard EUT-basedets
predict that the option value from a risk-averseplayee perspective is systematically lower thanrtbke-neutral
value (Hall and Murphy, 2002; Henderson, 2005). sehereliminary results are consistent thought vgitime
empirical findings suggesting that frequently enyples are inclined to overestimate the value of #teick-options
compared with the BS value (Lambert and Larckef12Modgeet al, 2006; Sawergt al, 2006; Hallock and
Olson, 2006; Deverst al, 2007).

The results presented in figure 1 show that théoppdubjective value is increasing in probabilitgighting
degree (i.e. decreasing in parameferActually, given the asymmetric profile of thetimm payoff, the expectation

E,. in the subjective value formula (6) is positived§fected by the emphasis put on the tail of theoffay

distribution which is governed by the parametethe lowera the more overweighed will be small probabilitiesia
the more underweighted will be medium to large philities. This lottery-like nature of an optiorgrabining large
gains with small probabilities, may make it atthaetto a CPT employee subject to probability weigint This
preliminary outcome leads to proposition 1 whichtsthat:

Proposition 1:the value of the stock option contract to a CPmpkoyee is increasing with respect to his
degree of probability weighting (i.e. is decreaswi¢h respect to a)Proofs are provided in appendix A)

Moreover, the effect of probability weighting isp@cted to increase with the skewness of the digtdb of the
underlying stock price, which is captured by thdatiity parameters given the Log-normality assumed in the
model. In order to show that, | performed a nunaranalysis of the sensitivity of the subjectivdueato the
probability weighting degree as a function of ttedatility ¢ and the parametex This sensitivity is defined as the
partial derivative of subjective value with resp&ch. The results are reported in figure 2 in the faia graph. It
shows that the sensitivity to paramedeis negative and locally decreasing in volatilithat means that the more
the share price is volatile the more the option el attractive for a CPT employee subject to pbikg weighting.
This supports Spalt’s (2008) findings that the effef probability weighting provides an economidioaale to
riskier firms (i.e. more volatile firms) for granti more stock options to non-executive employees.

Furthermore, | investigate the effect of loss aeer®n the subjective value. The variable of irgétgere is\.
In an analogical sense with the EUT framework,dpgon value from the perspective of a loss-aversployee is
expected to decrease with his degree of loss-arerdio verify this | computed numerically the firstder
derivative with respect tb crossed over various levelsofind moneyness, ranging from 0.05 to 1 and front&%

3 The integrals in (6.2), (6.3) and (6.4) were cotegunumerically.

4 Tversky and Kahneman (1992) got 0.65 on averag@.§1 for gains an=0.69 for losses). These results are corroborayefiddellaoui’s
(2000) findings é=0.60 for gains antd=0.70 for losses, hence an average of 0.65). litiaddCamerer and Ho (1994) obtaineed.56 for gains
whereas Gonzales and Wu (1996) and Bleichrodt artd 2000) founch=0.71 anch=0.67 respectively.



200% respectively. The outcome is reported in fgBir It shows that the sensitivity to loss aversgonegative and
locally decreasing in moneyness. That means tleatibre the employee is loss averse, the less wbeldption be
worth to him. This conclusion is taken up in pragios 2 hereafter:

Proposition 2 the value of the stock option contract to a CRRMmployee is decreasing with respect to his
degree of loss-aversion (i.e. a decreasing funabiot). (Proofs are provided in appendix B)

| performed a similar analysis in order to get@wbn the effect of the curvature parametdn the same way,
| assessed locally the first order derivative wéhpect tax within a range of values from 0.05 to 1 and ushgre
prices ranging from 10 to 200. While not formalgported in this paper, the results show that teisvdtive is
locally increasing with the option moneyness fofuea of a above say 0.75. It also shows broadly that the
subjective value is an increasing monotone funatibsm over a range of values around the experimentahate of
0.88 (from 0.7 to 1) irrespective of the option ragness.
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price. This figure is a plot of the
subjective  value computed under
different probability weighting

parameters (the blue curves). It illustrates
the profile of the subjective value
compared to that of the risk neutral value

(red curve). The Parameters used are:

T=4; K=100; 0=30%; r=3%; q=0%;

Incentives from stock-options

weighting. This figure is a plot of the
partial derivative of the subjective value
with respect to “a” against both “a” and
the stock price volatility ”. It exhibits
the local effect of probability weighting
given the payoff distribution skewness
captured by &8". The derivative was
computed numerically based on the
following parameters: T=4; K=S=100;
r=3%; q=0%:A=2.25 0=0.88.

This figure is a plot of the partial
derivative of the subjective value with
respect to X" against both X" and the
stock price “S”. It exhibits the local
effect of loss aversion given the option
moneyness. The  derivative  was
computed numerically based on the
following parameters: T=4;c=30%;
K=100; r=3%; g=0%; a=0.6%=0.88.

Stock-options are incentive tools used within angipal-agent relationship to align the intereststloé agent
(employee) on those of the principal (shareholderbg shareholders grant stock options in ordgrrovide the
employee with incentives to make efforts that eleatine value of the firm, and thus their own wealtideed,
assuming that employees are aware of how theiorectffect the share price, option holdings wihmppt them to
make efforts that increase share price. Theretbeeincentive from a single option grant will dedeon the degree
of the sensitivity of the subjective value to theck price.

3.

1 The incentive measure

Following Jensen and Murphy (1990), Hall and MurgB900, 2002) and others, | defined the incentiffece as
the first order derivative of the subjective valuith respect to share price which defines how theie from the
employee perspective changes with an incrementahgd in the stock price. A preliminary numericahlgais
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relying on the setting reported in §2.2.3 shows iheentives are greatest for in-the-moheptions and increasing
with the degree of probability weighting. Anothessult from the analysis is that, for sufficientliglh level of
probability weighting, the option can give much mancentive to increase stock price than is rediédiy the BS
delta. This is consistent with my previous findithgit the subjective value can overstate the BSevdtluaddition,
consistently with the EUT-based models, the analyssults suggest that when the employee processlpiities
in a linear way 4=1) - which means that the probability weightinguasption is relaxed and only loss-aversion
matters - the incentives lie strictly under the &$ta whatever the level of the option moneynebsit Ts to say that
the options are less attractive for both risk-aweesnployee and loss-averse employee who are nggécsuib
probability weighting. Furthermore, with hold constant at 0.65, | find that incentives dexreasing in loss-
aversion. Conversely, with loss-aversion paraméteset to 1, which means that the loss-aversion teffec
neutralized, incentives for a representative lamstiral employee, with a degree of probability wéiigy equal to
experimental estimate of 0.65, overstate the B&del

3.2 Implications for stock option design: optimal s&rigrice

Setting the strike price of standard stock optiboiss down to defining the threshold against which performance
is assessed and, consequently, to determiningikbkhbod of a final payout. As stated in the pms section,
incentives increases in the option moneyness apdyaently, decreases with strike price. In pafalfrom the
shareholders perspective, granting in-the-moneiogtis much more costly than granting out-of-theney or at-
the-money options (recall figure 1). This leadsfih@ to a trade-off to make when setting the eisar@rice of the
options in the sense that, holding his cost uncbdnghe could either grant fewer options at a ltoikesprice or
increase the grant size at higher exercise price.

| relied on the methodology from Hall and Murph¥@2) in figuring out the optimal exercise priceisigtng
the double purpose of maximizing incentives andlimgl constant the firm’s cost of granting optiohsonsidered
the situation where the employee and the firm Hosvad to bargain efficiently over the terms of g@mpensation.
Thus, the firm is assumed to fund additional optibg an adjustment to other compensation componieatt$eaves
the employee indifferent between his initial packagd the new package including the additionaltgran

Let's considerer then that the company is allonednbke an efficient adjustment to existing comptosa
components (cash for example) to grant additioptibas to the employee. The impact of this adjustns@ould be
neutral with regard to the total compensation dosthe company. Moreover, assuming this adjustniantlves
cash compensation, it must be attractive to thel@yap so that he’d be willing to give up some cesimpensation
against extra options grant. Therefore, it musvdethe employee at his initial total subjective ualof the
compensation package. It follows that the strikegothat maximizes total incentives for a given pamy cost is the
solution of this following optimization problem:

mKaxanC;—as(lq subject ton77(K)-nG,, (K)= candn>0 (7

onC,, (K
Where% denotes the incentives from receivimgptions with a strike prick , IT(K) is the per-unit

cost or the BS value of one option ani$ a fixed constant. The constraint in (7) is dggregation of the company
cost constraint and the employee value constraatl in Henderson (2005). This optimization probieas solved
numerically by varying the parameti€r First, the BS and the subjective values are coeapfor a giverK which
enables to determine the grant sizén accordance with the constraint in (7) #£S. Then, the cost function is
assessed based arandK. This procedure is reiterated recursively unté tiptimal value oK is found. In this
analysis,c was chosen such that for retained parametersyuhwer of granted at-the-money optiongs around
1000, hence a total cost of €28 333.

The left-hand side sub-figure in figure-4 exhibitgal incentives for different levels d€ and probability
weighting parametea, with risk aversion held constant/at2.25. For each combination Kfanda the constraint in
(7) is solved fom, which allows to determine total incentives. Thetpindicate that when the employee is deeply

® The terminology “at-the-money” is referring to citeoptions with an exercise price equal to thelsfirice at inception. The expressions “Out-
of- the-money” and “In-the-money” are also usedtiyhout the paper to refer to options with strikegrespectively below and above the grant
date stock price.
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subject to probability weightingag 0.475), total incentives are strictly decreasimgtighout the depicted range of
strike prices (see the curves in blue). In thissgcagmilar to EUT-based studies’ findings (Hall avidrphy, 2002;
Henderson, 2005), incentives are maximized thraegtricted stocks grant rather than stock optidh& intuitive
reason behind that is that, given that the emplsystematically values the options in excess oif tB8 value,
efficient trade-off over compensation allocationmade via the grant of equity-based instruments ¢haployee
values at their actual cost, restricted stocksifistance. However, for lower degrees of probabuitgighting
(typically 0.475 @< 0.85) the optimal strike price is not nil and ten increase witta. Specifically, the
optimization problem is defined on the right (ske ted solid curve) or on the left (see the redhedsurve) of the
optimal strikeK™ and the cost function admits an infinite branchin (i.e. total incentives are infinite at that point)
The technical reason behind that is that the stibbgoalue is equal to the BS value at the optistéke, which

yields according to the constraint in (7) an inngrant size grg n( K) =+ ). For instance K" ranges from 60%

to 195% whera takes values within a range around the experirhestanates (0.55a< 0.70¥. This suggests that,
depending on the extent to which employee weigihtdabilities, either grants of discount optionsposemium
options may result in a Pareto optimum to the @mitrAs a specific example, for an employee aitiD.616, the
optimal strike pric&" is around 100%, which means that, for the prevgitietting, the model predicts at-the-money
options as optimal in an efficient contracting feamork since the company’s cost of granting thes®ng is equal

to their value to the employee. In this case, gngndptions with strike price around the stock erat inception,
which is consistent with observed practices, resita perfect reconciliation of the company ane émployee
respective views. Note that for a similar settinghie previous situation where the options arerga® an add-on to
existing compensation, the model indicates thaeritiges from stock options could be infinitely iaased by
granting increasingly more options at greater aeaitgr strike price.

A=2215 a=0.65 a=1
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Figure-4. Incentives from options grant with total cost@28 333 assuming cash compensation is adjustesifigire is plots of incentives
(in K€) from options grant for a given strike prit®lding the total compensation value constant flwoth company and employee
perspectives. Total incentives are defined as #rgap derivative of the total subjective valuetb& grant with respect to stock price “S”.
The sub-figure on the left-hand side depicts totaéntives as a function of the strike price foryireg levels of probability weighting
parameter. That in the middle is a plot of totaeintives against strike price for varying leveldasfs-aversion. The sub-figure on the right-
hand side exhibits the sole effect of loss-averéidth no probability weighting) on the shape dfidncentives as a function of strike price.
The derivatives were computed numerically basetherollowing parameters: T=4=30%; S=100; r=3%; g=0%=0.88.

Furthermore, for weak degrees of probability weiggn{0.85 <), the subjective value of the option lies strictly
below the BS value because the effect of loss-aertends to dominate that of probability weightifidhus the
total incentives function takes a non-monotone asachape and shows finite extremas ranging frovh 8681%.

In particular, when probability weighting assumptiis relaxed §=1), the function flattens around the maximum
and approaches a monotone decreasing shape wittagiing loss-aversion (see sub-figure on the tigimd side).
This result suggests that loss-averse employeesamoot subject to probability weighting - everthwery low
degree of probability weighting - receiving optioas high exercise price would willingly accept a @o cash
compensation to receive instead deep discount gt restricted shares for those of them disptayiore loss-

& Optimal strikes are expected to be lower for higsteck price volatility since probability weighgjireffect tends to increase with volatility
(recall figure 2).
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aversion. Again, this is broadly consistent withllldaand Murphy’'s (2002) and Henderson’s (2005)dfirgs for
non-diversified risk-averse employees.

Last but not least, the sub-figure in the middlehaf main figure-4 is plots of total incentives imgathe strike
price; each of them corresponds to a given levdbsd-aversion. The purpose of this analysis ctsgisshowing

the effect of loss-aversion ok’ by holdinga constant at 0.65 and varyiniglt mainly shows that loss-aversion has
an effect opposite to that of probability weightimghen probability weighting effect is dominafite. the employee
may potentially put overstated value in the optispecifically for high strikes) optimal strike ir@ses and total
incentives decreased with loss-aversion. Conversetgn loss-aversion effect is dominant, as staefdre, the
model yields predictions comparable to that of T -based models.

4 Conclusion

This paper proposes an alternative theoretical inofistock option subjective value to analyze thieicentive
effects for employees. The model predictions aagerthe ability of CPT to explain some prominententive
patterns that EUT models have difficulties to captut mainly provides arguments on the well docoted
tendency of employees to frequently value - undenes circumstances - their options in excess of twst to the
company. Specifically, these results highlight éeenomic rational for firms, in particular thosewhigher risk, to
widely use stock options in non-executive employ@@pensation (Spalt, 2008).

Loss aversion and probability weighting are the fegtures driving the subjective value in the CPddei.
These parameters have countervailing effects ormtbdeled subjective value. Depending on which efrthis
dominant in the preferences calibration, the madelds different predictions regarding incentiv&pecifically,
consistent with some behavioural patterns obseimeshany surveys and experimental studies on edpased
compensation, the model predicts that, when théghitity weighting feature prevails, the subjective@ue may
overstate the risk-neutral value of the option.this case, assuming the company and the employagiba
efficiently over the compensation components, itiges are maximized for strike prices set arouradtock price
at inception for a representative employee withfggemces calibration meeting the experimental extm from
CPT (Tversky and Kahneman, 1992). Obviously, timslifig is consistent with companies’ actual comp¢ios
practices. Moreover, executives with such prefezengrofile may be prompted to act in order to iaseeshare
price volatility. However, when the emphasis is ut the loss-aversion feature, by relaxing the abdky
weighting assumption, the model yields results caraple to those of EUT-based models. In particdlee,model
predicts that loss-averse employees who are ngéctuto probability weighting, or even with verywalegrees of
probability weighting, receiving options at higheegise price would willingly accept a cut in compation to
receive instead deep discount options or restrisiedes for those of them displaying more losssawar

Despite their practical interest, the conclusiomsrf the results of this research should not be draithout
underlining some of its limitations. The first onencerns the specification of the CPT model. Adyualthough
the reference point specification in the modeldssistent with both empirical evidence on peoptérggereference
points in a dynamic fashion and firms’ widesprea# wf the BS value as a standard for Financial tumchan
Resources disclosers, empirical and experimertabtiure is still silent on how people set refeeepoints when
assessing complex gambles like stock option paytffaddition, to keep the model tractable, onlydpean-style
options were studied in this paper. The modelilsstwever easily extendable to Bermudian-styleiams using
numerical schemes such like lattice approaches. dther limitation of this study is related to tharde
heterogeneity in probability weighting that maystxacross individuals (Wu and Gonzalez, 1996). Thersky's
and Kahneman'’s (1992) weighting function used ertitodel provides only a fit to the median profile.

Finally, this work highlights - as did some prevdoeminent researches in this field (Dittmaatnal, 2010;
Splat, 2008) - a number of future promising redeaticections in equity-based compensation incotjregaCPT
framework. For instance, exploring the ability oTRC to explain the growing use of performance shatass
instead of stock options in employee compensatiounldvbe of great interest for future research.lfamnore, given
that several empirical studies has documented ehgiloyee stock option exercise behaviour is alseedrby

’ See the limit case a1 where risk-aversion is ignored (the blue dashede).
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behavioural factors, a promising research directimorporating CPT is studying its ability to pretdiexercise
patterns.

5 Appendices

5.1 Appendix A: proofs of proposition 1

This appendix provides heuristic proofs of progositl. To prove that the subjective val@, is decreasing in

aD[0.28 :] it is sufficient to show that the expectati@), is a decreasing function af Let’s first rewrite the
expectation in (6) as follows:

e u(n)= & (v ne )] w3 [ol b ool

IR

(g(x)—K—H)a;XZL
Where: w, (x) = —/l(9+ K—g(x))a; L < x<| ;with 0O<a<landA=>1 (A1)
-1 X<,

Sincew, (X) is derivable ovelR\{L} , an expansion in Taylor series at the first ogiees:

w, ()= w (y)+(x=y W( y; with yOIR\{1}

Introducing the expectation operator with respeche transformed probability measure, we have:

e ()= (5.0 ) 0¥ o] ] &{fotn d- pie) 2

Since w, (x) is monotone increasing i we have:w, (y) = 0. Then it follows from (A.2) that proving tha,, is
locally decreasing with respectaadn y boils down to showing that:

<l

<0 A3
% (A-3)

Noting that Q;[J'¢(u)duJ is positive and convex with respectxtd]|-c, L[ O]l,,+e[, we have according to

Jensen inequalitﬁlp[m;{iﬂu) duDz £ ( 39;[Ef¢( ) dq

Sincex follows a standard normal distribution, which isrsyetric inE, (x) =0, we get from the inequality above,

by substitutingE;p (X) in the right hand side:

E, (m;[_jiﬂu) du]] >0 (A.4)

Note that the result in (A.4) above, showing thest éxpectation under the transformed probabilitiesrstates that
under the original probabilities, is a consequeotéhe probability weighting function feature sthta §1.1.2,
which consists in infinitely-overweighting infingemal probabilities and infinitely-underweightingear-one
probabilities.

Furthermore, noting that the convexity q[f¢(u)duj with respect ta]~eo, L[ O]I,,+eo[ is decreasing ir,

and using the result in (A.4) we have foa28<a<bs< 1:
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E.p[xQ;[Jic»(u ]] £ (Yo [f L)dtﬂz E[ Q;[icﬂ( ) d}]- £ )>0.:[Ef)¢( 7 d}

Or equivalently:

E,P[xga'[i;»(u)duj]z Ep[ x}b’[iyﬁ(u) d%] (A.5)

This proves that the condition in (A.3) holds, whineans thaC, , is a decreasing function af Q.E.D.

5.2 Appendix B: proofs of proposition 2

Taking the derivative of the subjective value fioetin (6) with respect ta yields:

oE 1
i H'E(Eea)ale‘”', If EHaZO
aC a 04 ‘ '
a_ja = E 1, P (Bl)
L[ B [ 5a 95, e, otherwise
al A A 04
0E ar, . ali.  a;
Where—22 = 22 4 92 4 _ 02 (B.2)
0/ 04 04 04
Using the formulas in equations from (6.2) to (pwi¢ can rewrite the derivatives in (B.2) as folsow
al,,
0/

a;/‘ _ :[(Kw o(x Ugb J ) o

Noe _ _poo [ 1
Yy =-6 Qa[.[;zb(x) dx]

Then substituting these results in place of thévdéves in (B.2) we obtain:
oE

a; I(Kﬂg g(x [J'¢ ] () dx6'Q [J’qﬁ *O% (B.3)

0E oC
Given thatﬁso, we conclude thatﬁ is nonpositive. This implies tha€,, is a decreasing function af

Q.E.D.
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