




































































































































































































82 

granted. In the first example, he assumes that the firm hedged the 

option grant by simultaneously selling unissued shares and purchasing 

treasury stock at the exercise price. 6 This hedging strategy precludes 

the opportunity cost at exercise.
7 

In the second example, the option 

grant is not hedged. Accordingly, he assumes that the enterprise simul-

taneously sells unissued shares and purchases treasury stock at the mar-

ket price on the exercise date. 

The economic impact of the option grant on the enterprise is 

identical in each case. However, the accounting treatment of each sit-

uation is different under the exercise date concept. In the first case, 

the option grant is hedged, and no oppo~tunity cost is recognized on the 

exercise date. In the second example, the recorded opportunity cost is 

the spread at the date of exercise. 

The point of Noreen's examples is that the cost implied by the 

option grant is independent of the market price of the stock on the 

6. The reason Noreen assumes the simultaneous sale and acqui­
sition of common stock is to eliminate dilution as an issue. 

7. Noreen's gold example illustrates this point very well. 
Suppose an individual sells an option to purchase 100 ounces of gold 
for $200 per ounce, the current market price of gold, any time within 
the next three years. Suppose further that the option sells for $2,200 
and the individual buys 100 ounces of gold on the open market on the 
day the option is sold. ·Ignoring interest charges, if the option is 
exercised, then his economic gain is $2,200, regardless of the gold's 
market value on the exercise date. If the option is allowed to expire, 
then his economic gain is $2,200 adjusted for the change in market 
price of gold since the date that the option was sold. In the case of 
executive stock options, an apparent economic loss can occur only when 
the grant is hedged and the options are allowed to expire. This would 
occur when the market price of the stock held in anticipation of exer­
cise has declined. Conventional accounting proscribes the recognition 
of this type of loss. Gains and losses on treasury stock can never 
be recognized. 
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exercise date. Specifically, the spread at the exercise date should 

not be recorded as compensation when the enterprise hedges option grants; 

and when options are not hedged, it is uncertain that the spread on the 

exercise date is properly classified as compensation expense. 

Whether or not firms hedge option grants _is an empirical ques-

tion. But there is some evidence indicating a policy of hedging options. 

Accounting Research Bulletin No. 43, Chapter 13B, for example, contains 

the following statement: 

The committee therefore concludes that ••• valuation should 
be made of the option as of the date of grant. 

The date of grant ••• represents the date on which the 
corporation foregoes the principal alternative use of the 
shares which it places subject to option, i.e., the sale of 
such shares at the then prevailing market price ••• the cost 
of utilizing shares for purposes of the option plan can best 
be measured in relation to what could then have been obtained 
through the sale of such shares in the open market (p. 337). 

In a similar vein, the following remark is included in Accounting Re-

search Study No. 15: "Where a right to acquire securities ••• is 

issued, the underlying securities (whether held in the treasury or 

authorized and issued) must be segregated or reserved, and not used for 

other purposes by the issuer, until the expiration or exercise of the 

right" (Melicher 1973, p. 307). 

The opportunity for hedging implies that the total costs of an 

option grant are dependent on a strategy controllable by the board of 

directors. Presumably, their objective is the minimization of the total 

cost of option grants. Notwithstanding extraordinarily high transaction 

costs and/or the likelihood of the expiration of a substantial portion 

of options, the lowest cost alternative includes hedging. Since this 

strategy eliminates the opportunity cost on the exercise date, the cost 



of the option grant is appropriately determined on the date of grant. 

Arthur Andersen & Company (1973, p. 94) offers the following 

position regarding the date of stock option valuation: 

(1) It is illogical to select some future date as the time to 
compare the then market price with the option price for 
the purpose of retroactively determining the value of the 
option. 

(2) So many factors affect stock prices that changes in prices 
between the grant date and some later date bear no relation­
ship to compensation. 

(3) Compensation is measured only by the value of the option as 
a separate property right when it is granted, which is dis­
tinct from the value of the stock on which it has a call. 

(4) A-corporation ordinarily -would not contract for services 
without knowing the cost of such services. 
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In addition, Arthur Andersen & Company (1973, p. 96) explicitly distin-

guishes between the decision of the corporation to grant options and 

the decision of the grantee (investor) to exercise thbse options in the 

following statement: "Segregation of the investor and accounting func-

tion so that the action of the market place does not affect the account-

ing information upon which market action is based would indicate that 

compensation should be measured without regard to market action subse-

quent to the date the option is granted." 

Sweeney (1960, pp. 114-115) contrasts the option grant with the 

issuance of bonus stock, and he contends that the option is the medium 

of payment in the former case and the stock is the medium in the latter 

case. He makes this distinction in the following statement: " .• while 

in the case of the stock option, the option itself is the medium for ef-

fecting compensation and is the unit which reflects the service cost in-

volved." 
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The definition of compensation cost proposed in Chapter 1 is 

predicated on the assumption that the stock option is a separate property 

right issued to the executive on the date of grant. The assessment of 

option compensation on any other date is inconsistent with this defini­

tion; therefore, the position taken in this thesis concurs with the 

grant date arguments. Accordingly, the summary of valuation proposals 

in the following section is restricted to valuations occurring on the 

date of grant. 

Review of Valuation Proposals 

Sweeney (1960) proposed a three-step process to estimate the 

value of a stock option. First, the executive and the compensation 

committee of the board of directors agree on the total annual dollar 

value of the executive's compensation. Second, the parties to the 

option contract must agree on the potential profit and stock price fore­

casts, given the current market conditions and effective executive 

effort. Third, the estimate of the potential for option appreciation is 

used either to determine the amount of cash salary the executive is 

.willing to forgo for the option grant,or to determine the number of 

shares to be granted given the employee's decision to accept a portion 

of the total remuneration on a non-cash basis. This three-stage pro­

cess produces a mutually acceptable cash value pertaining to the option 

grant. 

Noreen (1977, p. 151) argues that SWeeny's valuation proposal 

is not auditable; and therefore, it is subject to unknown biases. It 

may be in the common interest of the executive and the compensation 
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conunittee to minimize the total amount of compensation reported while 

holding the actual amount at a covertly determined,mutually acceptable 

level. In the first phase· of negotiations, for example, the executive 

might agree to an understatement of his total annual compensation, pro-

vided that the stock option value is understated in the second phase. 

Noreen (1977, pp. 151-152) believes that the extant bargaining 

process exists for economic reasons, and any perturbation of such a pro-

cess is likely to b~ costly for.the firm and its employees. Restructur-

ing the negotiations according to·Sweeney's suggestion may give an 

accounting estimate by sacrificing the firm's efficiency. In addition, 

this bargaining process involves a degree of subjectivity that many 

accountants would consider unacceptable. Furthermore, this algorithm 

does not represent any known equilibrium price generation process. 

Boudreaux and Zeff (1976) apply an equilibrium theory to the 

stock option valuation problem. Their valuation model is based on the 

premise of an efficient capital market, having access to much more 

information regarding share prices than either the executive or the 

compensation committee. 

They begin with the following version of the Capital Asset Pric-

ing Model: 

where: 

period; 

rj = rf + (rm - rf)Cov(rj,rm) 

cr2 
r m 

(14) 

(1) r. is the required return on the optioned security for the 
J 

(2) ·r is the expected rate of return on the market portfolio 
m 

for the period; (3) rf is the risk-free rate of return; (4) Cov(rj,rm) 



is the covariance of .the optioned security's return with market port­

folio's return and;. (5) cr 2 is the variance of r. r m 
m 
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The expected terminal value, c, of a stock option for one share 

of stock, expiring in one period is 

c = (S* - X)/1 + r.), 
J 

(15) 

where Sis the market price of the stock on the date of grant, and Xis 

the exercise price. S* = S(l + r.), and equation (15) becomes 
J 

C = 

S (1 + r.) - X 
J 

(1 + r.) 
J 

(16) 

When the exercise price is set equal to the market price of the stock 

on the date of grant, as is done frequently, equation (16) simplifies 

to 

s (r.) 
C = __ ...__ 

(1 + r.) 
J 

(17) 

Boudreaux and Zeff admit that rf, r, cr 2 , and Cov(r.,r) may be diffi-
m rm J m 

cult to estimate, but they suggest that historical estimates may suffice. 

Their model is not auditable, and it may lack the requisite objectivity 

to satisfy accountants. Moreover, the intertemporal instability of 

Cov(r.,r) is a potential problem; they note that historical estimates 
J m 

have been unsatisfactory. 

The Capital Asset Pricing Model is predicated on the concept 

that a security's return is commensurate with its nondiversifiable risk. 

The equilibrium value of a call option is dependent on che underlying 

security's total risk, reflected in the variance of the security's re-

. 
turn. Thus, it appears that Boudreaux·and Zeff have confused the 
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estimated value of the option on the grant date with the expected value 

of the stock on the exercise date on which the executive holds a call. 

Smith and Zimmerman. (1976) base their valuation proposal on the 

theoretical lower bound for the value of a call option on a nondividend 

paying stock. This lower boundary, derived in Merton (1973), is 

C = Max(O, s - e-rTX}, 

where r is the risk-free rate, and e is the natural logarithm (e = 

(18) 

2.7182). The other variables, Sand X, have the same definitions as in 

equation (15). 

Smith and Zimmerman modify equation (18) for dividend paying 

stocks as follows: 

-rT 
c = Max[O, S - e (X + D)], 

T . t 
where D = E dt(l + r) , 

t=l 

(19) 

and dt is the amount of cash dividend distributed during period t. They 

advocate equations (18) or (19) for the estimation of the compensation 

implied in stock option grants. Noreen (1977, p. 149), however, modi-

fies equation (19) to allow for the possibility of an option value that 

is less than (S-X}. Such an inequality is precluded by arbitrage. 

Noreen•s·version of equation (19) is: 

-rT 
c = Max [0, s - X, S - e (X + D)] (20) 

Smith and Zimmerman consider the estimation of option compensa-

tion from the persepective of the grantee (executive) rather than from 

the grantor firm. Accordingly, their concerns pertain to the potential 

reduction in the option's value resulting from taxes and underdiversi-

fication costs. The option's value cannot be overestimated from this 
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formula, however, its value could be underestimated. They suggest that 

the potential undervaluation is partially absorbed by the adverse impact 

of taxes and underdiversification costs on an option's value. Thus, 

they assume that such a potential for understatement is innocuous. 

Excepting dividends, all the variables in the model are observ­

able. Therefore, the Smith and Zimmerman valuation proposal is audit­

able, ·but the formula has never been tested empirically. 

Weygandt (1977) expresses concern with the prescribed accounting 

procedures of APB Opinion No. 25. Regarding variable plans, such as 

SARs, he notes that compensation expense could "skyrocket" given sub­

stantial increases in the market price of the optioned stock subsequent 

to the grant date. Moreover, the magnitude of the compensation expense 

and the related accrued liability is highly uncertain when the market 

price of the underlying security is volatile. At the other extreme, he 

notes that nonqualified options are frequently granted with the exercise 

price equalling the market price of the underlying stock on the grant 

date. Given these conditions, compensation expense is never recorded. 

Weygandt opines that the grantee has received something of value 

on the date of grant, and this: fact should be recognized in the account­

ing records, irrespective of the spread on this date. Furthermore, he 

advocates that the egregious discrepancies in the accounting treatment 

of SARs and nonqualified options be eliminated by the implementation of 

a valuation procedure on the date of grant. 

Weygandt reviews the.work of Van Horne (1969), Shelton (1967), 

and Black and Scholes (1973). He is the first accountant to suggest the 

application of the B-S option pricing model to stock option valuation. 
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He believes that the convergence of the predictions of alternate models 

constitutes the criterion for a reasonable estimate of option compensa-

tion. With respect to the empirical testing, which in his opinion is 

necessary, he states: 

What appears to be needed is a number of empirical tests to as­
certain whether the models presented in this paper will provide 
a reasonable figure for calculating the option price so that an 
appropriate cost for compensation can be computed. If a consis­
tency can be found among these valuation approaches, or others 
to be developed, then a set of tables could be developed for the 
accountant as an aid in finding the proper compensation cost 
figures (Weygandt 1977, p. 48). 

The reconunendations of Hughes (1978) are broader in scope than 

those presented in Weygandt (1977). Whereas Weygandt restricted his 

discussion to stock options, Hughes expands the analysis to include nu-

merous examples of executory contracts. He proposes that accounting 

procedures be extended to include the valuation of unperformed contracts, 

such as forward contracts in foreign exchange, purchase conunitments, 

certain leases, and stock options. 

Like Weygandt, Hughes des9ribes the inconsistencies in the ac-

counting procedures for unperformed contracts having similar economic 

consequences for the enterprise. Purchase conunitments, for example, 

are recorded at the statement date when a material loss is probable, 

but potential gains are never recognized. The accounting methods for 

forward contracts in foreign exchange are predicated on the motivation 

for entering the contract, irrespective of the contract's economic im-

pact. For example, no accounting recog:nition occurs when the presumed 

purpose is to hedge an identifiable foreign currency commitment. Al-

ternatively, if the purpose of a forward contract is speculation, then 



the spread between the current forward rate and the contract rate is 

recorded on the balance sheet date. 
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Hughes proposes that contracts be valued at the entry date under 

a theory he calls conunitment accounting. The entry date for executive 

stock options is the grant date. He reconunends the Black and Scholes 

methodology to estimate the option's value on this date. He contends 

that current disclosure requirements are sufficiently complete, allowing 

investors to form their own compensation estimates. This diminishes the· 

importance of an accounting estimate, but Hughes still maintains that the 

option value should be disclosed as a liability with an offsetting, amor­

tizable deferred charge. The deferred charge would be amortized over the 

periods during which the firm receives option-related services. 

Hughes notes that not all of the inconsistencies he describes 

are traceable to the principles of historical cost accounting. Instead, 

they result from the asynunetrical application of commitment accounting 

principles. Conunitment accounting principles are followed in one in­

stance but not in another in both foreign exchange and purchase conunit­

ment accounting. He believes that these departures are evidence that 

accounting is already moving towards a conunitment basis. He advocates 

that accounting procedures be based on a coherent theory of contract 

valuation, precluding the asynunetrical accounting treatment now accorded 

to executive optipn contracts. 

To date, there is only one study in which a warrant model is 

used to estimate the compensation implied by stock option grants. The 

results of this study are summarized in the following section. 
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The Foster Study 

Foster (1974) estimated executive stock option compensation 

using his modified version of the Van Horne (1969) warrant pricing model. 

The purpose of his study was the assessment of the impact of option com­

pensation estimates on net income and earnings per share of the firms 

included in his samples. 

Foster examined 1,229 annual reports to shareholders, covering 

the years 1967, 1968, and 1969, for stock option disclosure. He excluded 

from his sample those firms not disclosing the information required for 

the application of his formula and those firms not granting options 

during this time period. In total, 550 firms comprised three samples, 

164 for 1967, 185 for 168, and 201 for 1969. Each sample was divided 

into two groups, large and small, to control for the size of the firm. 

To assess the significance of his compensation estimates, Foster 

had to define materiality. He proposed two criteria: (1) material com­

pensation is defined as the minimum of ten percent of net income and 

earnings per share; or (2) material compensation is defined as a minimum 

of three percent of net.income and earnings per share. Patillo (1975) 

presents evidence that it is the general consensus of the accounting 

profession that items falling in the ten percent category are material. 

The three percent criterion is the definition of material dilution in 

earnings per share calculations prescribed by APB Opinion No. 15. 

Foster tested the models of Shelton (1967), Kassouf (1968), and 

Van Horne (1969) for intertemporal stability. Using a sample of war­

rants for the 1967-1969 time period, he was unable to reproduce the re­

sults of the original studies.· His replication of the Van Horne study 
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did generate results similar to the original; and Foster concluded that 

the Van Horne warrant model was the most suitable for estimating stock 

option compensation. 

Option compensation for each grant in the three samples was 

estimated using equation (13). The dichotomies of (1) firm size, (2) 

materiality definition, and (3) earnings definition, produced a des_ign 

in which eight hypotheses were tested. The null hypotheses were that 

the Foster-Van Horne warrant model generates compensation estimates 

which do not have a material impact on (1) net income, and (2) earnings 

per ~hare. Each hypothesis was tested for materiality thresholds of 

three and ten percent, and for large and small firms. Table 1 is a sum­

mary of the results of this study. 

Testing eight hypotheses for three samples (three years) yields 

twenty-four different individual tests. The most powerful of the three 

statistical tests used, the t test, resulted in the rejection of the 

null hypothesis in ten cases; whereas, the less powerful nonparametric 

tests, Sign and Wilcoxon, resulted in the rejection of the null hypo­

thesis in five cases. 

The Foster study poses two potentially significant problems. 

First, normalization of tjle stock's market price .and the estimated war­

rant value with the exercise price may induce significant spurious cor­

relation. Thus, the predictive accuracy of the model for the 1967-1969 

time frame is suspect. Second, the Foster-Van Horne model is not pre­

dicated on any general equilibrium theory. This may diminish its long 

range utility regarding stock option applications. 



Net Income 

Earnings 
per share 

Table 1 

summary of the Results of 
the Foster (1974) Study 

Large Firms 
Materiality 1967 1968 1969 

3% 

10% ns 

3% ns 

10% ns 

C ns 

ns 

ns 

ns 

.OS 

ns. 

ns 

ns 

This tab·le is adapted from Foster (1974, p. 127). 

Small Firms 

.OS .001 .001 

ns .OS .OS 

.001 .001 .001 

ns ns ns 

The null hypothesis is that stock option compensation estimates do not 
have a significant impact on net income or earnings per share. 

a.OS - the t statistic is significant at the a.OS alpha level. 

b.C>Ol = the t statistic is significant at the 0.001 alpha level.. 

C ns = the t statistic is not significant. 

94 
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Concluding Remarks 

This chapter examines evidence suggesting that the basic form 

of the stock option has survived for two reasons: (1) Alternative plans 

have evolved to help key employees cope with the financial difficulties 

posed by the current tax and regulatory agencies; and (2) the nonquali­

fied option provides the enterprise with a tax shield at the exercise 

date, and accordingly, it constitutes a relatively efficient compensa­

tion vehicle. The nonqualified plan enables the corporation to transfer 

more wealth to its key employees for a given amount of cost than is pos­

sible under alternate plans. 

SARs are a popular supplement to the traditional option. Since 

compensation pertai~ing to SARs is accrued, their examination is exclµded 

from this study. ·such an exclusion is dictated by practical matters; it 

does not imply that the valuation methodology proposed in this disser­

tation should not also be extended to this form of compensation. 

Due to the separation of ownership and control in the corporate 

form of enterprise, owners are unable to observe the activities of man­

agers, except at a prohibitively large cost. This allows managers to 

pursue freely the strategies perceived to maximize their economic wel­

fare, and occasionally the economic impact of their actions is detriment­

al to the economic welfare of the owners. The literature in accoun~ing 

and economics is replete with examples of such dysfunctional behavior. 

A compensation package composed only of a wage or salary offers 

no disincentives with respect to dysfunctional behavior. Consequently, 

a variety of special incentive plans have been developed and.impelrnented 

to promote goal congruence between owners and managers. These 
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remuneration arrangements are costly, but their utilization implies that 

they engender greater efficiency than, for example, a salary in conjunc­

tion with additional monitoring activities. 

The stock option is an example of such an incentive device. The 

Lewellen-Huntsman (1970) and Masson (1971) studies examine the effects of 

compensation arrangements, which include options, on executive motivation. 

By necessity their studies are based on aggregated data, and their exper­

iments most likely contain a large amount of "noise". Nevertheless, 

their results indicate that executive attention is focused on the long­

term performance of the firm, but this evidence is not conclusive. 

In a rigorous, analytical fashion, Noreen (1977) examines the 

impact of options on the economic welfare of owners and managers. To 

make the analysis mathematically tractable, he imposes some restrictive 

assumptions. This detracts from the ability to generalize his results, 

but his work indicates that·options provide effort incentives. In a 

broader context, options may help mitigate moral hazard. problems and 

reduce th~ attendant costs. When managers are more risk averse than 

owners, options result in an inefficient allocation of entrepreneurial 

risk. Their inclusion in compensation arrangements implies that owners 

and managers suffer no loss in welfare from suboptimal risk sharing. 

In other words, the additional effort they elicit at least offsets the 

disincentives resulting from the inefficient distribution of risk. Given 

their popularity, Noreen's results reinforce the argument that stock 

options elicit additional effort. 

The enterprise does not issue stock options to managers at zero 

cost. Such cost might be estimated as the value of the. incremental 
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effort they elicit or the amount of moral hazard costs they eliminate. 

Neither of these amounts can be determined in an objective and verifi­

able manner. Alternatively, the market value of a security with char­

acteristics similar to those of a stock option could be a basis for 

valuation. However, such securities may not be trading at the time. 

stock options are granted; and some granter firms may never have secur­

ities outstanding with these characteristics. To insure a valuation 

procedure, this writer believes that attention must be given to a model 

which represents the market pricing process. 

Marketable warrants and call options possess attributes which are 

similar in respect to stock options. Several market models, purportedly 

representing the option and warrant pricing process, are reviewed in 

this chapter. The analytically developed equilibrium models, excluding 

the Black and Scholes model, are not based on observable parameters; 

consequently, they are not auditable. The empirically developed models 

are based on observable parameters, and they are auditable; but they 

do not represent an equilibrium pricing theory, and they fail to exhibit 

intertemporal stability. Finally, no particular model dominates in pre­

dictive ability. 

These observations motivate the consideration of the Black and 

Scholes option pricing model. It is an equilibrium pricing model; and 

excepting the variance rate of return, it is a function of observable 

parameters. The theory underlying this model is ex.plored in Chapter 3, 

and the details of its application are presented in Chapter 4. 



CHAPTER 3 

OPTION VALUATION IN CONTINUOUS TIME 

This chapter provides a discussion of option valuation theory, 

and it presents the details of the Black and Scholes (B-S) option pricing 

model. It is divided into eight sections. To facilitate an understand­

ing of the development of the B-S model, the first section presents a 

comparison of discrete time analysis with its continuous time counter­

part in the context of the underlying assumptions for each. The nota­

tion used in this chapter is defined in the second section. In the third 

section, the issue of stock option valuation is developed from the per­

spective of dominance arguments. The derivation of an option pricing 

model, assuming an environment of certainty, is discussed in the fourth 

section. The effects of uncertainty on option valuation are presented 

in the fifth section; this is followed by a derivation of the B-S for­

mula in the sixth section. The seventh section is a review of the empir­

ical studies of the B-S theory. The limitations regarding applications 

of the B-S model are discussed in the eighth.section. 

Discrete Time Versus Continuous Time Analysis 

The Capital Asset Pricing Model (CAPM) is a product of discrete 

time analysis in finance. Under the CAPM, all investors have single 

planning horizons which are identical in length, and they behave as if 

they seek to maximize expected utility from their portfolios of securities. 

98 
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Investors have homogeneous expectations regarding the probability 

distributions of security returns; in other words, they behave as if 

they possess identical probability distributions for rates of return on 

securities. The mean and varia.~ce of security returns are sufficient 

statistics for portfolio selection because-the distribution of security 

returns is assumed to be normal and investors are assumed to possess, 

or behave as if they possess, quadratic utility functions. Merton (1975, 

p. 661) states that utility maximization is consistent with mean and 

variance decision variables when investors' quadratic utility functions 

and normally distributed returns adequately represent reality. Essen­

tially, the CAPM model predicts that investors are-.. willing to sacrifice 

return to reduce risk, or alternatively, equilibrium security prices 

must provide a return sufficient to compensate investors for nondiver­

sifiable (systematic) risk. 

In a multi-period context, investors are assumed to maximize, or 

behave as if they maximize, the expected utility of lifetime consump­

tion. They make periodic decisions concerning the amount of wealth to 

consume and/or invest for future consumption. The selection of a port­

folio of securities is included in the investment choice. Investors 

can adjust their portfolios at the beginning of each period according to 

their revised expectations of security risk-return relationships. In 

effect, they make consumption-investment choices over their lifetimes. 

Such a process typically is modeled using a dynamic programming method­

ology. 

Several discrete time intervals are implied in the multi-period 

framework. Merton (1975, p. 662) describes these intervals. Since these 
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time periods constitute the essential distinction between discrete time 

and continuous time methodologies, a brief description of them will 

facilitate an understanding of the differences between the two methods 

of analysis. The trading interval is the minimum length of time in 

which successive transactions can be consumated by investors. This 

period depends on the length of time that the market is open and is not 

controlled by the investor. The decision interval is the time elapsing 

between successive.portfolio adjustments. For example, a decision in­

terval of one month implies that, once his portfolio is selected, the 

investor is "locked in" his choice for that time period. The planning 

interval is the maximum length of time over which the investor's utility 

function is applicable. Most analytical work assumes that this period 

is the lifetime of the investor. The observation interval is signifi­

cant for empirical studies. It is the length of time between successive 

observations recorded by the researcher, and it can be any length, in­

cluding daily, weekly, monthly, quarterly, or annual observations. In 

the one-period model, portfolio selection implicitly assumes that the 

trading, planning, and decision intervals are equal and the same for 

all investors: In the multiperiod framework, the trading and decision 

intervals are assumed to be equal, and in analytical work their length 

is unspecified. The solution to every multiperiod problem has as an 

implicit argument the length of these intervals. Merton (1975, p. 662) 

contends that the variation of the interval's size can alter the derived 

behavior of investors. Moreover, to test empirically the analytical 

results, the investigator must explicitly assume the length of the in­

terval. 
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Notwithstanding the assumptions pertaining to the aforementioned 

intervals, perhaps the most restrictive assumption underlying the re­

sults of discrete time analysis is the form of the investor's utility 

function. Merton (1975, p. 663) states that the Hyperbolic Absolute 

Risk Averse (HARA) family of utility functions are frequently assumed 

in analytical studies. In this context, the generalization of the re­

sults produced by these studies is dependent on how well the HARA family 

of utility functions describe investors' attitudes towards risk. 

In contrast to discrete time analysis, continuous time analysis 

has an underlying assumption a length of zero for all of the intervals 

described above, except the observation interval. These basic distinc­

tions have a definitive impact on the nature of the assumptions under­

lying this mode of analysis. Specifically, markets are assumed to be 

open continuously for the trading interval to be zero or very short. 

A trading interval of zero length permits continuous portfolio adjust­

ment; however, frequent adjustments are desirable only when transaction 

costs are either zero or insignificant. Given the potential for con­

tinuous adjustment, investors have the opportunity to eliminate risk 

through hedging if one is willing to assume unlimited borrowing or short 

selling. The ability to adjust their hedge·ratios when necessary per­

mits investors to avoid the risk or ruin which results from being "locked 

in" to investment decisions for the time period implied in discrete time. 

To avert risk totally, the hedged position must be "perfect". In an 

analytical context, this is possible only when the precise nature of the 

s·tochastic process governing the behavior of the assets in the portfolio 

is either known or assumed. Thus, rather than making restrictive 
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assumptions about the characteristics of utility functions, analysis in 

continuous time must, instead, specify the stochastic process governing 

the behavior of the variables in the study. With respect to investors' 

preferences, the only assumption made is that they prefer more wealth to 

less. 

The next section will focus on the valuation of European call 

options. To the extent that these options are acceptable surrogates for 

stock options, the boundary conditions derived in this section define 

a range of possible values for stock options. First, the notation that 

is employed is defined. 

Definition of Notation 

The notation used throughout the remainder of this ch~pter is 

defined as follows: 

c is the value of a European warrant (or option). European 
warrants cannot be ~xercised until they mature. 

C is the value of an American warrant (or option). American 
warrants differ from European warrants in that premature 
exercise is possible. 

S is the market price of the cormnon stock which is under option. 
S* denotes the market price of ·the cormnon stock on the date 
of exercise or the date of expiration if exercise does not 
occur or occurs at maturity. 

X is the exercise price of the warrant (or option) which is 
assumed to be constant throughouc the option period. 

r is the risk-free interest rate or the interest rate on a 
relatively riskless security, such as a Treasury Bill 
or Aaa bond. 

e is the base for natural logarithms; e = 2.781282 .•••. , and 
is used in cases where continuous compounding is desired. 

T is the option period, or if the option is exercised before 
maturity, Tis the time period from the date of grant to 



the date of exercise. Tis expressed in years where, for 
example, T2 indicates two years prior to expiration and 
T* indicates the expiration date. 

cr2 is the variance rate of return on the optioned stock. 

The Valuation Problem Restated 
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The purpose of this section is to reconsider the stock option 

1 valuation issue from the perspective of dominance arguments. Dominance 

arguments do not provide a closed form solution to the valuation problem, 

but they do offer a range in which a rationally priced option must fall. 

They are quite general since they do not rely on any restrictive assump-

tion~, except market efficiency. No assumptions pertaining to the stoch~ 

astic process governing security return distributions are required. The 

only assumption about investors' preferences is that they prefer more 

wealth to less. 

Dominance is defined following Merton (1973). If R denotes 

risk-adjusted return, wh~re R(A) is the return on security A and R(B) is 

the return on security B, then for some known future date R(A) > R(B) 

for at least one state of the world and R(A) ~ R(B) for all possible 

states of the world, implies that security A dominates security B. 

In an efficient markets setting, the equilibrium price of secur-

ity A will be at least as great as the equilibrium price of security B. 

Otherwise, abnormal returns would result from arbitrage. Stated 

1. Dominance arguments do not depend on restrictive assumptions. 
One only needs to assume that markets are efficient and that investors 
prefer more wealth to less. However, a closed form solution to the 
option pricing problem cannot be derived from dominance arguments; in­
stead, an interval in which a rational option price would fall is ob­
tained. 
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differently, if perfect markets with unrestricted borrowing and short-

selling are assurned, then the existence of a dominated security provides 

arbitrage opportunities, resulting in the generation of abnormal profits. 

However, efficient markets, by definition, preclude arbitrage opportu-

nities.and, consequently, a rationally priced security must neither darn-

inate nor be dominated. 

These concepts are utilized to derive the minimum value for a 

rationally priced option. Consider two portfolios where portfolio A 

consists of one share of conunon stock and portfolio B consists of a Euro-

pean option to purchase one share of conunon stock, with an exercise price 

of X, and a riskless bond with a maturity value of X. The option expires 

on the same date that the bond matures. The stock does not pay dividends. 

In a world of no transaction costs and no taxes, the option will be ex-

ercised if S* > X; ifs*~ X, then the option will be allowed to expire. 

The terminal values of portfolios A and Bare presented in Table 2. 

A Comparison of 
Portfolio 

Terminal Value 

Portfolio A 

Portfolio B 

Relationship of 
Terminal Values 

Table 2 

a Portfolio of One 
of an Option and a 

State 1 

S* .S X 

S* 

0 + X 

B* > A* 

Share of Stock With a 
Riskless Bond 

State 2 

S* > X 

S* 

(S* - X) + X 

B* = A* 
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Two states of the world are relevant, S* ~ X and S* > X. In 

state 1, the te:rrninal value of a portfolio A is less than that of B, 

and in state 2, the terminal values of the two portfolios are equal. To 

preclude arbitrage, the current value of the option in portfolio B must 

-rT 
satisfy the condition c(S, T, X) ~ Max(O, S - e X). To understand 

this result, observe that the current values of portfolios A and Bare 

-rT Sand (c + e X,), respectively. To avoid dominance, the current value 

of portfolio B must be at least as large as the current value of port­

folio A; c(S, T, X) + e-rTX > s. Any rational investor, preferring 

more wealth to less, will elect to hold portfolio B. Hence c(S, T, X) 

~ (S - e-rTX). An option can never have a negative value; that is, 

c(S, T, X) ~ O. Thus, the desired result, c(S, T, X) > Max(O, s -e-rTX), 

is obtained. 2 

An option's value can never exceed the market price of the under-

lying stock. Hence, the upper and lower boundaries for a rationally 

-rT priced option are Sand Max(O, S - e X), respectively •. 

-rT As will be demonstrated subsequently, Max(O, s - e X) repre-

sents an option valuation estimate which will never overestimate an ·op-

tion's value and possibly will markedly underestimate its value. Current 

accoµnting pracitce recognizes the stock option in the amount 

Max(O, s - X), and since the quantity, (e-rT); is less than one for any 

2. The purpose of this secti~n is to demonstrate that an option 
value can never be less than (S - e-r X) if S* > X. This follows from 
a rational option pricing theory which relies on no restrictive assump­
tions, excepting market efficiency. The accounting numerical assignme~t 
is limited by (S - X), which could be substantially less than (S - e-r X) 
when the option period is very long, say five or ten years, and interest 
rates are high. 
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T other than T*, the value of stock options granted to executives may 

be understated substantially. 3 

The next section will examine option valuation in a different 

context, an environment of certainty. The results, not suprisingly, are 

identical to those deduced in this section. However, they become inter-

esting when it is demonstrated how the incorporation of the uncertainty 

element affects option values. 

Option Value Under Certainty 

In a world of certainty, the precise value of the call option 

will be known at its expiration date, T*. If the market price of the 

optioned stock is less than the exercise price at time T*, then the op-

tion will have a value of zero at time T*. If 'the option has a value of 

zero at the expiration date, then it will also have a zero value at any 

time prior to the expiration date because European call options cannot 

be exercised prior to maturity. 

The more interesting case is when the market price of the stock 

is greater than the exercise price at T*. In this situation, the value 

of the call option at maturity is the spread, cT* = S* - X. Since this 

future value is known with certainty, its present value is determined by 

3. By granting stock options, the enterprise has a short posi­
tion in options which can be hedged by holding a long position in the 
optioned shares. The hedge is constructed by purchasing treasury stock 
on the open market on the grant date (assuming that the options are 
granted with the exercise price equaling the market price on the grant 
date). Noreen (1977) claims that the current accounting treatment for 
stock options is consistent with this hedged position. Not recording 
the spread on the the date of exercise is consistent with a-hedged posi­
tion; however, this does not imply that compensation pertaining to the 
option on the grant date should not be recognized. 
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discounting the future value at the interest rate, r. In a continuous-

time world, the present value of a call option is written as 

(1) 

where there are T years until the option expires. · Since cT* = S* - X, 

the present value is 

-rT 
CT= CS* - X)e • C2) 

However, the future price of the common stock is known with certainty. 

Thus, the stock's current price is the discounted value of the future 

price. -rT Consequently, S*Ce ) = S, where Sis the current market price 

of the optioned stock. From equation C2) the present value of an option 

in a world of certainty is 

-rT 
CT= [S - Ce )X]. (3) 

Consider the case of perfect information in which the future stock price 

is known with certainty once information about stock prices is released. 

Prior to the dissemination of this information, one does not know which 

state, S* < X or S* > X, will obtain. Under this condition, the option 

value is 

-rT 
cT = Max[O, S - Ce )X]. (4) 

This expression is identical with that which was derived from the domin-

ance argument in the previous section. It will be demonstrated in the 

next section that the introduction of uncertainty increases an option's 



108 

value and equation (4) represents the lower bound on the option value in 

a world of no taxes or transaction costs. 4 

Option Value in Conditions of Uncertainty 

In Chapter 1 it is posited that the cost of an option grant to 

key employees is the discounted expected value of the difference between 

the market price of the stock T* and the exercise price of the option. 

Under conditions of certainty, the stock price at T* is known and the 

derivation of the option pricing formula is a simple task. This follows 

because the expected value of the spread on the expiration date is 

S* - x. This value and the interest rate are known with probability of 

one. Since we live in a world of uncertainty, an option valuation meth-

odology would be "richer" if uncertainty could be incorporated in the 

model. It will be shown that uncertainty has a positive effect on the. 

option value. 

Uncertainty with respect to a security pertains to its unknown 

value in the future. Specifically, the market price of the optioned 

stock at time T* is unknown to investors at any time, T, prior to T*. 

Typically, such uncertainty is characterized as a probability distribu-

tion for the security price at time T*. Investors may share the same 

distribution, known as homogeneous peliefs, or each investor may assess 

a unique distribution, known as heterogeneous beliefs. The degree of 

4. These results are deduced in a slightly different context, 
certainly. Unequivocably, a security cannot be dominated in this en­
vironment, and arbitrage profits are impossible. Given that uncertainty 
has a positive effect on an_~tion price, the lower bound for a rational 
option price must be (S - e X) when S* > x. 
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dispersion of such a distribution is related positively to the "riski-

ness" or "volatility" of the security. In this context, the terms "un-

certainty" and "risk" are frequently used synonymously. Options increase 

in value with the increasing volatility of the underlying common stock 

price. Specifically, a larger variance of returns on the common stock 

implies a greater price for the option. 

A rigorous interpretation of "riskiness" or "volatility" can be 

attained form definition provided by Merton (1973, pp. 148-149). Suppose 

there are two securities having prices denoted S1(T) and S2(T). Security 

one is more risky than security two if S1(T) = S2(T) + z where z is a 

random variable with the property E[zls2(T)] = O, where Eis the expecta-

tion operator. Mer~on (1973, p. 149) utilizes this definition to prove 

the following proposition: The rationally determi.ned option price is a 

nondecreasing function of the riskiness of its associated common stock. 

The proof of this proposition relies on two assumptions. First, 

c.(S, T, X) = c.(S, T, X) when X. = X. = X, T. = T. = T, S. = S. = S, 
1 J 1 J 1 J 1 J 

and the returns per dollar on stocks i and j are identically distributed 

where c. (·) denotes option values. The second assumption is that an 
1 

option on a portfolio of securities is less valuable than a portfolio of 

options; in notational form, this is cn+l(S, T, X) ~ ci (S, T, X), where 
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c 
1

{·) denotes the value of an option on a portfolio consisting of 1/n 
n+ 

f th .th . . l 2 5,6 o e 1 security, 1 = , , ••• , n. 

Let R. (T) denote the T-period return on a conunon stock with an 
1 

option price cR(S, T, X). Let R. {T) = R{T) + z.·, i = 1, 2, ••• , n, 
1 1 

where the z. are independently and·identically distributed random vari-
1 

ables satisfying E[z. IR{T)] = O. According to the definition of risk, 
1. 

security i is more risky than security R for i = 1, 2, • • • , n. The 

return 

R (T) + 

Hence, 

on a portfolio of n securities is denoted Rn+l (T) 
1 n 

= - 1: R· (T} = 
n . 11 

1 n 
- L Zi• 
n . 1 1= 

l.= 

The R. (T) are identically distributed by construction. 
1 

by the second assumption cn+l·cs, T, X) =: ci {S, T, X) for i = 1, 

2, ••• , n. By the law of large numbers, R 1 (T) converges in proba­n+ 

bility to R(T) as n +~,and by the first assumption, the limit of 

cn+l (S, T, X) = CR(S, T, X). Therefore, cR(S, T, X) < c. (S, T, X) for 
- 1 

i = 1, 2, ••. , n. 

The Black and Scholes Option Pricing Model 

An option value is functionally dependent on the underlying 

stock price and on the time to expiration. That is, c = c(S,T). More-

over, the option price and the stock price always change in the same 

direction. Cox and Ross (1976, p. 146) and Merton (1977, p. 242) state 

that an option value will be perfectly correlated with the market price 

5. In fact, this is not an assumption, but a proposition for 
which a proof appears in Merton (1973, p. 148). 

1/n. 

C' ( •) 
1 

n 
6. c . ( • ) = 1: A • c . ( • ) , i = 1, • • • , j , • . . , n and A • = A • = 

1 '=l 1 1 1 J 
the firs€ assumption, c. (•) = c.(·), therefore, 

1 J 
From 

n n 
= c . ( · ) E A. , and l: A . = l . QED • 

1 i=l 1 i=l 
1 
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of its underlying stock when the diffusion process governing stock 

prices over time is specified. Ederington (1979) shows that continuous 

trading opportunities in frictionless markets allow the creation of a 

per~ect hedge. This hedge is developed and maintained by following a 

dynamic portfolio strategy with two securities, options and common stock. 

Given that a perfect hedge is possible, Merton (1975, p. 671) states 

that the payoff.structure of a third security can be replicated in terms 

of the other two. Specifically, given the opportunity to continuously 

adjust his portfolio, an investor can exactly duplicate the payoff 

structure of a riskle~s bond by maintaining a long position in the op-

7 
tioned stock and a short position in the options, or conversely. This 

portfolio strategy forms the basis for the Black and Scholes (B-S) call 

option pricing model. 

Merton (1973, pp. 143-144) demonstrates that an option with 

either a zero exercise price or an indefinite option period has an upper 

limit to its value the market price of the common stock. In an 

7. For example, an investor could form a hedge by purchasing 
common stock and writing call options on this stock. Thus, his port­
folio consists of a long position in the stock and a short position in 
the options. The value of the porftolio increases with a rise in the 
market price of the stock. However, the value of the option also in­
creases (the short position), offsetting the effect of the stock's 
price change. The option's value is a function of the stock's price 
and the time until the option expires (the exercise price, variance 
rate, and interest rate are parameters). Given a continuous sample 
path for the time series of prices of the optioned stock, a perfect 
hedge can be developed for any instant in time because the option price 
is perfectly correlated with the stock price. Since the value of both 
securities change in the same direction, the hedge is created by es­
tablishing a long position in one security and a short position in the 
other. 



112 

-rT environment of certainty, the option value is s - e X when S* > X; 

otherwise its price is zero. In the previous section, a discussion of a 

Merton (1973) proof demonstrated that an option price is a nondecreasing 

function of uncertainty, when it is expressed as the variance of the re-

turn distribution of the underlying security. Furthermore, Haley and 

SchaJl (1979, p. 268) show that uncertainty regarding returns on common 

stock increases with the length, T, of the option period. Thus, an op-

tion pricing formula, incorporating uncertainty, should provide estimates 

within the interval Sand (S 
-r'T' 

- e -x). 

The B-S option model has as underlying assumptions ideal market 

conditions for the call option and its associated common stock. First, 

there are no transaction costs or taxes. Financial markets are open 

twenty-four hours per day, allowing investors the opportunity to contin-

uously adjust their portfolios.· Second, unlimited borrowing and short 

selling are possible, and the total proceeds from these activities are 

available to the investor. Third, the risk-free interest rate is known 

and constant through time. Fourth, the optioned stock pays no dividends 

during the lifetime of t-.he option. Fifth, the option is the "European" 

type which can be exercised only on the expiration date. Finally, the 

diffusion process which is assumed to describe the stock price dynamics 

is a geometric Brownian motion with a constant drift parameter, and it 

generates a log-normal distri.bution for the underlying stock prices be-

tween two points in time. 

The finance and economic literature contains numerous deriva-

tions of the B-S formula. Following Smith (1979, pp. 80-85), a succinct 

outline of an intuitive approach is provided here. 
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Under the conditions described above, a perfect hedge consist-

ing of a long position in the stock and a short position in the call 

option can be developed and maintained by the investor. The value of 

this hedge is expressed as 

VH = Qcc + QSS, (5) 

where VH is the value of the hedge; and Q
0 

is the quantity of call op-

tions in the hedge. The price of a call option to purchase one share of 

conunon stock is. denoted as c. QS is the quantity of optioned stock in 

the hedge, ands is the price for one share of stock. The stock price 

dynamics are described by a continuous Ito process. Hence, if c = c(S,T} 

and cr 2 is the instantaneous variance rate for the stock price (where 

T = time}, then the change in the call price, de, is 

de= ac as+ 
as 

one can describe the change in the hedge value as 

avH = Q
0

dc + Qsds. 

By substituting and setting Q
0 

= -1 and. Qs = :~, the change in the 

hedge value is 

dVH = - [ ;~ + • ::~ a
2s2

] dT. 

In equilibrium, two perfect substitutes must earn identical rates of 

(6) 

(7} 

(8} 

return. If th~ hedge is a perfect substitute for a riskless security, 

then the return on the hedge must be the riskless rate. Therefore, 

dVH e 
av =.rdT. (9) 



114 

By substitution of equations (7) and (8) into equation (9) and rearrang~ 

ing terms, a differential equation for the value of the call option is 

defined: 

(10) 

Since c = c(S, T), two boundary conditions are required for solution to 

this differential equation. 

c* = Max(O, S* - X) (lla) 

If S* = 0, then c* = o. (llb) 

The solution of this differential equation is totally insensitive to the 

preference structure of cap~tal market agents'"and Smith (1979, p. 83) 

states that any amenable risk preference can be assumed. In this case, 

risk neutrality is ideal because in a risk neutral world, all asset re-

turns must equal the riskless rate. Hence, the current call price can 

-rT be expressed as c = e E(c*) which is the discounted expected value of 

the terminal call price. In conjunction with the assumed distribution 

of future stock prices, 

m 

c = e-rT J (S* - X)L(S*)dS*, 
X 

where L(S*) is the log normal density function. At this juncture a 

theorem is employed to determine the solution to equation (12). If 

L(S*) is a log normal density function with 

0 if S* > ~x 
C = AS* -~ if ~x- ~ S* > ~x, 

0 if S* < ~x 

(12) 



cf,X 
Then E(c) = /(AS* - aX)L(S*)dS* 

'l1X 
pT r(ln(S/'l1X) + (p+a 2 /2)T 

= e AS e ailT 
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r (.ln(S/'l1X) + (p-a2 /2)'!') 
axe\ avT ) 

(13) 

where'¥, cf,, A, and a are arbitrary parameters, pis the average expected 

rate of growth, and N(•) is the cumulative standard normal distribution. 

-rT e If A .= a == e , 'l1 = 1, cf, = +a,, p = r, then equation (13) reduces to the 

Black and Scholes option pricing model, 

ln(S/X) + (r+a2 /2)TJ -rT 
C = s . N avT - e X • 

ln (S/X) + (r-a2 /2) T] • 

N crvT ] (14) 

Excepting the variance, the Black and Scholes formula is a func-

tion of observable variables. Thus, the likelihood of specification er-

ror is diminished. It should produce robust estimates of option values, 

provided that its underlying assumptions are not overly restrictive and 

that a reasonable estimate of the variance is available. 

The B-S formula has an intuitive interpretation in a world of 

risk neutrality. The first term in equation (14) is the discounted ex-

pected value of the terminal share price, multiplied by the probability 

that the terminal share price is greater than the exercise price. The 

second term is the discounted exercise price multiplied by the proba-

bility that the terminal share price·is greater than the exercise price. 

This interpretation dovetails nicely with the definition of compensation 

implied in option grants given in Chapter 1, but it is not applicable to 

individual perferences other than risk neutrality. In those cases, a 

verbal description of the equation is unavailable. 
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To develop and maintain a perfect hedge, one must assume that mar­

kets are always open. This assumption allows the investor to diversify 

all the risk associated with hedging through a continuous rebalancing 

process. Since the hedge is riskless, no specific assumptions regarding 

the investor's utility function are required; and one can assume that the 

return on a riskless investment is the risk-free rate. To permit a solu­

tion to the differential equation, one assumes that two assets which are 

perfect substitutes must earn identical rates of return. The assumption 

of a risk-neutral economy facilitates the derivation of the model because 

it renders the solution to the differential equation mathematically trac­

table. Such an as~umption is not necessary, and the reader is reminded 

that the interpretation of the B-S formula given above does not apply to 

all risk preferences permitting a solution. 

Empirical verification is requisite to the application of a theo­

retical model. This process provides evidence pertaining to how restric­

tive the underlying assumptions are. That is, does the model perform 

reasonably well in practical situations in the face of its underlying 

assumptions? Empirical evidence· is available regarding the application 

of the formula to the pricing of call options, and the next section is a 

review of these studies. 

Empirical Tests 

Black and Scholes (1972) tested several aspects of their model. 

They created a hedge with a zero market value consisting of the option, 

the stock, and risk-free bonds. To minimize the risk of the hedge, they 

employed-their model to derive the quantity of each security included in 
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portfolio. The market value of the hedge is expressed as 

(15) 

where Bis the price of a default-free pure discount bond with a face 

value of one dollar and QB is the amount of these bonds included in the 

hedge. The amount of each security in the hedge is 

Q = 1 
C 

= -Q (3c/3S) 
C 

(15a) 

(15b) 

(15c) 

They approximated continuous adjustment by rebalancing each portfolio 

daily.· Since this procedure will not eliminate all of the risk, -Black 

and Scholes attempted to diversify the remaining ~isk by holding a port-

folio of hedges. This strategy is predicated on the argument that this 

risk is nonsystematic and diversifiable. 

Since the hedge is constructed so that its value is zero, the 

return on a hedged position is the daily change in its value •. However, 

if the market·prices assets to compensate the investor for accepting 

nondiversifiable risk, then the expected change in the hedge value over 

single-day holding periods is zero in equilibrium. That is, 

. ac ac e 
tiVH : tic - as· tis - (c - a5 • S) rl::.T = 0 (16) 

Black and Scholes tested their model with actual call option 

data. The diaries of an option broker from 1966 to 1969 provided infer-

mation pertaining to the exercise price, the expiration date, the writing 

date, the premiums received, the actual date of exercise, and the number 

of contracts written. They recorded data on six-month calls and six-

month straddles, and their samples contained 2,039 call contracts and 
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3,052 straddle contracts. There were 545 securities on which these con-

tracts were written. The study covered 766 days. 

Black and Scholes engaged in four portfolio strategies in an 

attempt to generate abnormal returns. They created four portfolios as 

follows: 

(1) Buy all call options at model prices. 
(2) Buy all call options at market prices. 
(3) Buy undervalued calls and sell short overvalued calls at 

model prices. 
(4) Buy undervalued calls and sell short overvalued calls at 

market prices. 

The model was used to value the contract at the writing date. 

If the model value exceeded the market value, then the contract was 

termed "undervalued", and contracts for which the model value is less 

than the market value were called "overvalued". Daily excess returns 

were calculated for each strategy above. If the model, on average, over-

estimates (underestimates) option proces, then the first strategy is 

expected to provide significantly negative (positive) abnormal returns 

if the market, on average, overprices (underprices) contracts. The 

third and fourth strategies expand the study to provide insight pertain-

ing to the relationship between model estimates and market prices. Es-

sentially, these strategies test whether the model estimate impounds 

more or less information than the market price. Since the only unob-

servable variable is the variance, these tests have implications re-

garding the information used in variance estimation by the market and 

by the model. If the hedge produced by selling short overvalued options 

and purchasing undervalued options at model prices generates signifi-

cantly negative abnormal returns, then the model estimate is too 
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high for undervalued options and too low for overvalued options. This 

result would suggest that the market impounds information that is not im-

plied by the model estimate. The fourth strategy tests for profit oppor-

tunities over the sample period. Generation of positive abnormal returns 

by this strategy indicates that the market price for undervalued options 

is too low and for overvalued options is too high. This result would 

imply that the B-S model uses information which is not efficiently im-

pounded in the market price. 

The returns resulting from the first two strategies were not sig-

nificant, indicating that neither the model estimate nor the market price 

are consistently greater or smaller than the correct equilibrium value. 

The third str~tegy, however, provided negative abnormal returns which 

were significant, while the fourth portfolio strategy generated signifi-

cantly positive abnormal returns. According to Black and Scholes, several 

explanations of these results are possible, but they hypothesize that an 

attenuation bias exists in the market estimates of the variance. The 

market apparently underestimates the variance for relatively volatile 

securities and overestimates the variance for low variance securities. 

The historical price series of the optioned securities were used to es-
, 

timate the variance, and this estimation strategy apparently produced 

overestimates on high variance securities and underestimates on low var-

iance securities. 

This hypothesis was tested by grouping options into four port-

folios according to the variance of the underlying security. Hedges 

formed at model prices using the low variance group generated signifi-

cantly positive returns, indicating that the model price is too low, and 
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therefore, that the variance estimate is too low. Portfolios of hedges 

consisting of the high variance group produced significantly negative 

returns, suggesting that the model has overestimated the price due to a 

high variance estimate. Opposite results were realized from portfolios 

formed at market prices. Thus the tests support the hypothesis. 

The variance used in the model was calculated from daily returns 

on the optioned stock for the year ending on the day preceding the option 

contract date. If the variance of returns were known for the option per­

iod, presumably the model would provide an unbiased estimate of the equil­

ibrium price of the option and returns on a portfolio of hedges would be 

precluded. Black and Scholes estimated variance rates from actual stock 

prices over the option period and used these results in their model. 

This strategy extricates a test of the model from a joint test of the 

model and the variance estimation procedure. The test results indicate 

that when variances are known, the model performs very well; no signifi­

cant abnormal returns were generated by the first and third portfolio 

strategies. 

The results of the fourth strategy suggest a possibility of mar­

ket inefficiency, but transaction costs were ignored. Black and Scholes 

estimated the transaction costs incurred by individual traders, and they 

concluded that these costs were greater than the abnormal returns gen­

erated from the fourth strategy. Hence, they conclude that the market 

is efficient. However, Smith (1976, p. 38) contends that market effi­

ciency is assessed in terms of the lowest cost trader, usually a member 

of the exchange. In this regard, he cautions that the evidence of 

Black and Scholes is inconclusive regarding market efficiency. It is 
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uncertain that the transaction costs incurred by an exchange member are 

large enough to offset abnormal returns. 

Since the option exhanges were not in existence at the time of 

their study, Black and Scholes had to estimate the market price for each 

day after the date the contract was written. They computed the .model 

estimate from equation (14) on the contract date. The difference between 

this estimate and the market price of the contract was amortized over the 

lifetime of the option. The "market" price on the date t + 1 was de­

termined by adding the appropriate amortization factor and the change in 

option price intplied by the model (from changes in time to expiration 

and stock price) to the market price on day t. Smith (1976, p. 39) 

argues that it is :unlikely that this artificial series would correspond 

to the actual series of option prices. Perhaps the amortization proce­

dure is partially responsible for the serial correlation observed in the 

Black and Scholes study. 

Their results may have had one additional source of contamina­

tion. Since the stock prices used in their study were closing quota­

tions, variation between model estimates and market prices could have 

resulted, in part, form the change in stock price from the time the op­

tion was written to the end of the day. However, Smith (1976, p. 40) 

reports on a study which replicates tests of Black and Scholes using data 

from the first seven months of trading on the Chicago Board Options Ex­

change. This secondary market provided the option price data lacking in 

the Black and Scholes study. The results of this study support the con­

clusions of Black and Scholes. 
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Macbeth and Merville (1979) studied approximately twelve thou-

sand market prices of options on six different stocks. They substituted 

the market price on the option in the B-S formula and employed a numeri-

cal search routine to determine the value of the variance implied by the 

market price. They discovered that the variance rate varied not only 

with the market price, as expected, but also it varied with the exercise 

price. In order to identify a "correct" variance rate, they assumed that 

at-the-money options with at.least ninety days to maturity were correctly 

priced by the B-S model. Options with these att'ribut~s were difficult 

to observe. Consequently, they regressed the implied variance on 

[(S - Xe-rT)/Xe-rT]. The intercept term which was calculated represents 

the estimate of the implied variance for an at-the-money option on a 

particular stock. Macbeth and Merville used this estimate to compare 

the model estimate with an option's market price. 

These comparisons revealed the following: (1) B-S model estimates 

for in-the-money options (out-of-the-money options) are on the average 

less (greater) than market prices; (2) the magnitude of the model under­

estimate (overestimate) is positively related to the degree that the 

option is in-the-money (out-of-the-money), excepting out-of-the-money 

options with less than ninety days to maturity; and (3) B-S model esti­

mates for out-of-the-money options with less than ninety days to expira-

tion are, on average, greater than market prices. 
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Limitiations 

The problems pertaining to the application of the Black and 

Scholes option model fall into two categories: (1) There are issues 

corcanon to any application of the model which are potentially problematic; 

and (2) there are idiosyncratic problems of application to the valuation 

of stock options. 

Regardless of the model's specific application, it might be both­

ersome to some individuals that markets are not open tw~nty-four hours 

per day, and that other frictions, such as transaction costs, preclude 

continuous trading opportunities. Merton (1976, p. 126) asserts that it 

is "pedantic" to argue that the B-S analysis is invalid because contin­

uous trading is not possible. The investor, however, is exposed to risk 

because of these frictions. If such risk is nonsystematic, as Black and 

Scholes (1973, p. 642) contend, then it can be completely diversified by 

holding a portfolio of hedges. As indicated in the previous section, 

the study of Black and Scholes (1972, p. 404) provides evidence support­

ing this hypothesis. 

Another problem is that the variance rate is not an observable 

variable. It must be estimated from an historical time series of stock 

P.rices. This issue is closely related to the stochastic process that is 

assumed to govern the diffusion of stock prices. Not only may the var­

iance estimation process include specification error that results from 

using an historical time series, but also it may contain error which is 

induced from misspecification of the diffusion process. This issue is 

discussed in d~tail in Chapter 4. 
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Assuming that the stochastic process governing stock prices 

over time is properly specified, estimation errors could occur because 

the vari'ance rate is dynamic; it changes over time. Blattberg and Gonedes 

(1974) provide evidence that the variance rate is stochastic. Strictly 

speaking, this condition invalidates the B-S framework. However, the 

results of studies by Latane and Rendleman (1976), Boyle and 

Ananthanarayanan (1977), and Schmelansee and Trippi (1978) suggest that 

the B-S model performs well despite this apparent anomaly. Furthermore, 

Merton (1973, pp. 162-167) demonstrates that the B-S formula is insensi-

tive to a changing variance rate which is a known function of time. Un-

der the B-S formulation, cr2 is defined as the constant instantaneous 

variance rate of return on the underlying common stock. Patell and 

Wolfson (1979, p. 119) state that Merton's demonstration means the var-

iance rate can be defined more generally as the average variance rate 

per unit time from the option valuation date to its expiration date. 

That is 

T 
o2 (T) = T-1 /cr2 (t)dt, 

0 
(17) 

where a 2 (t) is the instantaneous variance at time t. Thus fluctuations 

of the instantaneous rate are "averaged out" over the option period and 

the mean of the instantaneous variance rate is the constant assumed by 

the model. 

The Black and Scholes formulation assumes that the underlying 

stock price dynamics are represented by a stochastic process with a con-

tinuous sample path. This implies very small changes in stock prices 
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for a short interval af. time. Alternatively, the price series could in­

clude "large jumps" that appear to occur instantaneously in time. Price 

changes of a large magnitude could result from "surprises" such as the 

release of unanticipated firm-specific information of extraordinary sig­

nificance or from an event, such as the death of a president, that im­

pacts the entire economy. Merton (1976a, p. 126) claims that the B-S 

solution is invalid when the stock price series contains discrete "jumps". 

An assumption of a continuous diffusion process when in fact the 

sample path contains non-local changes affects call option valuation in 

two ways. First, the possibility of an instantaneous stock price change 

of large magnitude precludes the risk elimination achieveq by following 

the B-S dynamic portfolio strategy. Adequate portfolio diversification. 

will eliminate this risk only if it is nonsystematic. If this is not 

the case, diversification will not eliminate all of the risk, and the 

B-S formula is invalidated. 

The misspecification of the diffusion process has a second ef­

fect related to the assumed behavior of the variance rate and its true 

behavior. Merton (197Gb, pp. 335-338) demonstrates that the variance 

of the sampling distribution of variance rates approaches zero as the 

interval between successive return measur.ements becomes very small when 

the diffusion of stock prices is continuous. ~or a process containing 

"jumps", the sampling distribution approaches a constant as the inter­

val between successive return assessments becomes extremely small. In 

other words, for a fixed period, T, reducing the time interval between 

successive return observations generated by a continuous process dimin­

ishes the dispersion of the sampling distribution of variance rates. 
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In the limit, the result is a constant instantaneous variance which un­

derlies the standard B-S formulation. But, for a jump process having a 

Poisson distribution, the lower limit for the variance of the sampling 

distribution is a constant, not zero. Variance rate estimation errors 

cannot be eliminated totally by subdividing the observation interval. 

With regard to this study, the concern with the diffusion pro­

cess and the estimation of the variance rate for returns on the underly­

ing stock has significant implications which are twofold. First, it is 

probable that the stock price series will include non-local changes when 

the option periods are long, for example five or more years. Given this 

likelihood, some distortion may be.included in the option value estimate 

from the standard B-S formula. Second, specification error.may result 

from the use of an historical time series of stock prices to estimate 

the variance rate. Such error can be reduced by expanding the time per­

iod in which stock prices are observed only if variance rates are non­

stochastic. 

Use of the B-S model to estimate the value of stock option grants 

poses some additional, potentially problematic issues. First, call op­

tions trade independently of the firm. Activity in this market does not 

affect the capital structure of the firm, and it does not dilute stock­

holders' equity. Hence, the behavior of the underlying stock price is 

unaffected by activity in the option market. When stock options are 

exercised, however, dilution of shareholders' e~ity may occur because 

additional shares of corcunon stock are outstanding. Therefore, stock 

option activity potentially has an impact on the price of the underly­

ing stock. 
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Second, the B-S model assumes a European option on a nondividend­

paying stock which is not exercisable until the expiration date. Stock 

options resemble American warrants which can be exercised prior to matu­

rity. Merton (1973, p. 154} demonstrates that the possibility of pre­

mature exercise exists for American warrants if the firm is paying 

dividends on the underlying stock and the warrant is not dividend pro­

tected. 

Third, when a stock option is exercised, the spread is taxed at 

ordinary income rates. This tax treatment constitutes an increase in 

the exercise price and could preclude exercise when, otherwise, it would 

have been certain. Since key employees are in relatively high tax brack­

ets, the tax effect could have a significantly negative impact on an 

option's value. The B-S formula is derived assuming no incremental taxes. 

Finally, stock options represent compensation for executive ser­

vices. Presumably, this effort becomes manifest as the market price of 

the common stock. As a result of option grants, the executive's port­

folio includes a long position in nonnegotiable stock options. Moreover, 

the executive may hold a long position in the firm's common stock. 

Therefore, his portfolio may be underdiversified, contributing to costs 

associated with risk overexposure. This underdiversification means that 

employee wealth is inextricably tied to the fortunes of the firm. In 

this context, the stock options may be subject to diminishing marginal 

utility. 

Smith and Zimmerman (1976, p. 362} suggest that the executive 

might be able to reduce this risk by borrowing and investing in other 

assets or by writing calls on the firm's common stock. The former 



128 

alternative, according to Smith and Zimmerman, contributes to a high 

risk-return position of a levered portfolio, and the latter alternative 

may produce transaction costs which are not less than the underdiversifi­

cation costs. Furthermore, this alternative may be in violation of in­

sider trading rules. Chapter 4 presents a detailed discussion of these 

issues. 



CHAPTER 4 

THE APPLICATION OF THE BLACK AND SCHOL.ES MODEL 

This chapter is a discussion of the Black and Scholes model and 

its application to executive stock options. One parameter of the Black 

and Scholes formulation, the variance rate of the optioned security, is 

not observable. Specification error in the variance rate might negate 

the predictive ability of the model. Th e first section of the chapter 

explores the impact of the variance estimate on the option pricing pro­

cess. The variance estimation issue is then considered in the context 

of executive stock 'options. This section also contains a discussion of 

the sample path of the underlying secirity's time series of prices, since 

this issue is intertwined with the specification of variance rate of re­

turn. The second section examines the B-S model's assumption of no divi­

dend distributions to the shareholders of the optioned security. The 

impact of taxes on the model'~ performance is discussed in the third 

section. The fourth section addresses the nontransferability feature of 

executive stock options with respect to the option pricing process. The 

final section is a summary. 

Estimation of the Variance 

All the parameters of the Black and Scholes formulation, except 

the variance rate of returns on the underlying security, are observable. 

Black and Scholes (1972) found that the variance represents a specifica­

tion problem. Empirical tests indicated that their formula systematically 

129 
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overprices options on high variance securities and underprices options 

on low variance securities. They attributed this bias to the estimate 

of the variance rate using the historical time series of prices. 

Black and Scholes hypothesized that using an historical tim~ 

series of security returns produces specification error in the variance 

estimate. They posited that using the actual variance would eliminate 

the systematic bias in the model's predictions. To test this hypothesis, 

the formula was used to estimate option prices for marketable options 

during periods for which an actual variance could be computed. Their 

test results support their hypothesis. Using the actual variance rate 

improved the predictive ability of the model. 

In many statistical applications, ~e estimation risk arising 

from sampllng error can be reduced by increasing the sample size. In 

B-s model applications, the estimation risk regarding the variance rate 

could be reduced by extending the period over which security return ob­

servations are collected. However, there is no assurance that such a 

strategy will alleviate this problem because there is evidence indicat­

ing that the variance rate of returns on the optioned security is chang­

ing over time. 

Rather than extending this time period, the sample size can be 

increased by reducing the iength of the observation interval. This 

strategy may also be ineffective because there is a limit on the number 

of observations available within a fixed period of time. However, such 

a strategy may diminish the specification error in the variance rate, 

provided it is employed in conjunction with another estimation strategy 

discussed below. Insight into the rationale of this latter strategy can 



be attained from a review of prior research regarding the effect of 

variance estimates on the predictive ability of the B-S model. 

The Macbeth and Merville Study 
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Macbeth and Merville (1979) examined the impact of variance es­

timates on the predictive ability of the B-S formula. They substituted 

the observed market price of a call option into the B-s equation, and 

then they numerically solved the equation for the only unobservable quan­

tity, the variance of the optioned security. Their results indicate 

that the difference between imputed variances on the same underlying 

security are systematically linked to the differences in the spread, 

(S - X), over time and to changes in the time to expiration. Specifi­

cally, they report that in-the-money options with a short time to expira­

tion tend to have implied variances pertaining to the optioned shares 

which are larger than those implied by the market price on options with 

the same exercise price, but having a longer time until expiration. Con­

versely, out-of-the-money options tend to have implied variances which 

are smaller than those implied by options with an identical spread, but 

having a longer time to expiration. As the exercise price increases, 
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1 the implied values of the variance decreases. The results of their 

study suggest an interaction between (1) the time to maturity, (2) the 

spread, and (3) the volatility of the optioned stock. 

One explanation for these observations is that the market price 

of a deep in-the-money option or deep out-of-the-money option, having 

a short time to expiration, may be insensitive to the magnitude of the 

variance rate. In these situations, a relatively wide range of variance 

values will produce· a narrow range of option values. As the expiration 

date approaches, the value of the option will approach the spread irre-

spective of the parameter values in the option pricing model. This means 

that the market places less emphasis on the anticipated volatility of 

the optioned security as the option period, T, becomes very small. In 

the extreme case, at T equal to zero, the variance has no time to be 

1. These are options on the same security. Thus, if the vari­
ance rate of the security's return were truly stationary and the other 
parameters of the model were specified properly, then any market value 
of a warrant on a given security should imply the same variance rate, 
regardless of the exercise price, the risk-free rate, the stock price, 
and the time to expiration. 

Non-synchronous data could have contributed to these results. 
The observed warrant or option price could reflect a different point 
in time than the observed stock price. In effect, the market price of 
the optioned stock has been misspecified. This discrepancy may not 
be serious for companies with actively traded stocks and options. The 
last daily trade for the option likely will be close in time to the 
last daily trade in the stock. In cases of less active stocks and 
associated options, there could·be thirty minutes, an hour, or longer 
between the last trade in the option and its underlying stock. 

Pattell and Wolfson (1979) point out that non-synchronous 
observations introduce an upward bias into the imputed variance rates. 
They show that the magnitude of this bias increases for deep in-the­
money options,-and for decreases in the time to expiration. 



133 

operative; consequently, at this instant in time, the variance could be 

any magnitude without affecting the market value of the option. 

The market value of the option becomes less sensitive to the 

variance as the option becomes deeper in- or out-of-the-money. A deep­

in-the-money option, for example, is likely to retain this status unless 

the underlying security is extremely volatile, or its sample path of 

returns is not continuous. Investors could, therefore, anticipate a 

relatively wide range of variances, affecting the market price of the 

option by a relatively small magnitude. 

The Macbeth and Merville study indicates that the B-S model tends 

to impound the time to expiration, the spread,and the variance differ­

ently than the market. In addition, the market could be establishing 

option prices by impounding parameter values excluded from the B-S equa­

tion. However, Macbeth and Merville contend that the disparity between 

market and model values should be systematic in an efficient options' 

market. 

Specifically, the B-S model will tend to overestimate the values 

of out-of-the-money options having a short time to expiration, and the 

model will tend to underestimate the value of out-of-the-money options 

with a long time to expiration. Conversely, the model will tend to 

overestimate the value of .the in-the-money options with a long time to 

maturity, and it will tend to underestimate the value of in-the-money 

options with a short time to maturity. For a constant T, the value of 

out-of-the-money options will be overestimated, and conversely, the 
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values of the in-the-money options will be underestimated. Table 3 is 

f th d 1 d . . b' 2 a summary o e B-S mo e pre 1ct1on iases. 

Table 3 

B-S Model Prediction Bias 

Volatility Spread Time to Expiration 

Low Out+ Short 

High+ In Long 

In= _in-the-money or (S - X) > 0 
Out= out-of-the-money or (S - X) < 0 

aShort + means an out-of-the-money option is 
overestimated if Tis short, and conversely 
for Long -

The Boyle and Ananthanarayanan Study 

Boyle and Ananthanarayanan (1977) assess the risk in variance 

estimation by comparing B-S predicted option values, given a known var-

iance rate, with values resulting from an estimar.e of the variance rate. 

In order to demonstrate the effect of sample size and stock price on the 

B-S model bias, they provide the aforementioned comparisons for numerous 

sample sizes and market prices of the related common stock. 

They assume that the natural logarithm of stock price increments 

is norma~ly distributed with variance, cr2 • Consequently, the statistic 

[(n-l)s 2 /cr2 ] is distributed as chi-square with n-i degrees of freedom. 

Given that c(S,T,X,r,s2 ) denotes the B-S prediction where s 2 is the 

2. Black (1975) also notes that the B-S formula produces esti­
mates which differ systematically from market values for in-the-money 
and out-of-the-money options. However, the direction of the differences 
observed by Black is the opposite of those reported by Macbeth and 
Merville. 
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unbiased estimate of cr 2 , the density function of c(•) is the 

c(. ,s2 )'¥(s 2 )d(s2 ), where'¥ corresponds to a chi-square density wi'th n-1 

degrees of freedom. Integrating this density function over the range of 

s2 values gives the expected option value, c(·): 

00 

c = /c(·, s 2 )'¥(s2 )d(s2 ). 
0 

(1) 

Despite the unbiased property of the estimate s 2 , c does not equalc(·cr2 ). 

It is impossible to determine the direction of this, bias, despite that 

c(•) is an increasing function of s 2 , because c(·) is neither a strictly 

convex nor a strictly concave function of s 2 • 

Since the sample path of stock prices is assumed to be continuous, 

the magnitude of the bias will ·approach zero as n, the sample size, ap-

preaches infinity. The variance of the chi-square distribution is 2(n-1), 

and the variance of s 2 is 2cr~/(n-1). This statistic approaches zero as 

n increases to infinity. 

The variance of the function c(·,s2 ) indicates the dispersion of 

option estimate; Boyle and Ananthanarayanan provide this variance as 

follows: 

00 

/[c(·,s2 )] 2'¥(s2 )ds2 - {c) 2 • 
0 

(2) 

The integrals in equations (1) and (2) were evaluated using nu-

merical integration. Table 4 is a summary of the impact of an increas-

ing sample size on the magnitude of the bias and the resulting dispersion 

of the option prices. To carry out their calculations, the following op-

tion pricing parameters were assumed: 



Table 4 

Impact of Sample Size on the 
Distribution of Option Prices 

Value of n 15 

"True" option value 3.513 

Estimated option value 3.549 

Percentage bias 1.56 

Standard deviation of distribution 
of option prices 0.581 

Standard deviation as a percent of 
"true" option value 16.5 

95 percent confidence intervals (2. 38, 
4.65) 

95 percent confidence intervals as 
a percentage of "true" option 
price 64.6 

90 180 

3.513 3.513 

3.505 3.509 

0.23 0.12 

0.233 0.164 

6.6 4.7 

(3 .06, (3.19, 
3.97) 3.84) 

25.9 18.3 

This table is adapted from Boyle and Ananthanarayanan (1977, 
p. 378). 
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s = $50, 
X = $50, 
r = 0.015 per quarter, 
(]2 = 0.025 per quarter, and 
T = one quarter. 

Given these parameters, they compute c(·cr2 ) as 3.5134. Note that as the 

sample size increases, the bias is diminished as expected. Moreover, 

the bias for a sample size of fifbeen is relatively small (1.56 percent 

of the "true" option price), but the dispersion of the distribution of 

option prices is substantial for this value of n. The standard devia-

tion of this distribution is 16.5 percent of the "true" option value; 

consequently, the 95 percent confidence interval (2.38, 4.65) is rela-

tively large. Note, however that the widtp. of the 95 percent confidence 

interval decreases from $2.27, for n equal to 15, to $.91, for n equal 

to 90. Nevertheless, the width of the confidence interval for n equal 

to 90 is still nearly twenty-six percent of the "true" option price; 

this may be too wide to satisfy the accountant's criteria of verifiabil-

ity and objectivity. 

The estimation risk which has been identified pertains to an op-

tion for which the stock price is equal to the exercise price. Estimation 

risk may change for a given sample size if other arguments of the B-S 

model are allowed to vary. Boyle and Ananthanarayanan present additional 

evidence pertaining to the effect of the spread on estimation risk by 

allowing the stock price to vary for a sample size of 15 •. Specifically, 

they allow the stock price to change from $25 to $90, when Xis $50, T 

is one quarter, the risk-free rate is 0.015 per quarter, and the variance 

rate is 0.025 per quarter. Table 5 is a summary of their results. 
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Table 5 

Impact of Changing Stock Price on Estimation Error 

Standard Standard Deviation 
True Estimated Deviation as Percent of 
Option Option Percentage of Option Estimated Option 

s Value Value Bias Value Value 

25 0.00001 0.0002 -1750 0.0008 414 

30 0.001 0.005 - 217 0.009 209 

35 0.036 0.051 - 41.8 0.06 118 

40 0.308 0.323 4.84 0.22 67.5 

45 1.313 1.284 2.19 .0.46 36.1 

50 3.513 3.459 1.56 0.58 16.8 

55 6.923 6.902 0.31 0.47 6.8 

60 11.180 11.196 0.14 0.29 2.6 

65 15.887 15.912 0.16 0.15 0.97 

70 20.787 20.807 0.09 0.00 0.37 

75 25.756 25.766 0.04 0.04 0.16 

80 30.747 30. 753 . · 0.02 0.03 Q.09 

85 35.745 35.749 0.01 0.03 0.07 

90 40.745 40.746 0.003 0.03 0.07 

(X = SO, T = 1, r = 0.015 per quarter, cr2 = 0.025 per quarter, 
n = 15) 

Adapted from Boyle and Ananthanarayanan (1977, p. 379). 
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When the option is deep out-of-the-money, the percentage bias 

is extremely large and negative. The B-S formulation tends to signifi­

cantly overestimate option prices as a result of a variance estimate 

when the option is deep out-of-the-money. As the market price of the 

optioned stock approaches the exercise price, this negative bias dis­

appears; when the stock price is $42.17, the bias is zero. Beyond a 

stock price of $42.17, the bias increases in the positive direction un­

til a maximum is reached when Sis equal to $46.17; at this point the 

bias is 2.33 percent of the "true" option value. The percentage bias 

then declines until the stock price reaches $62.74; at this point it is 

-0.176 percent. For further increases in the stock price, the bias a­

symptotically approaches zero. 

The Merton Studies 

B-S model prediction errors result not only from specification 

errors, but also from violations of the assumptions underlying the for­

mula's derivation. In particular, the formula is derived under the as­

sumption that security prices follow a geometric Brownian motion through 

time. This assumption provides the basis for the arbitrage technique on 

which the formula is based. Merton (1976a, p. 126) states that "as long 

as the stock price dynamics can be described by a continuous-time dif­

fusion process whose sample path is continuous with probability one, then 

their arbitrage technique is still valid." He asserts, however, that the 

formula is not valid, even in the continuous limit, if the stock price 

dynamics cannot be represented as a stochastic process with a continuous 

sample path. 
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The B-S model is invalidated by non-local changes, or jumps, in 

the price of the underlying security. These non-local changes in stock 

price result from the arrival of important new information about the 

security which has more than a marginal effect on its price. When the 

return dynamics of the optioned security includes jumps, some magnitude 

of prediction error will result in B-S model applications. Merton (197Gb) 

attempted to determine the amount of such error under various assump­

tions regarding the variance and the spread. 

He assumed that the non-local component of the return dynamics 

is a "Poisson-driven" process with parameter, A (the mean number of ar­

rivals per unit of time). Given that the Poisson event occurs, the per­

centage change in the optioned security's price is a random variable, 

denoted as (Y-1). He assumes that Y is lognormally distributed with the 

variance of ln(Y) equal to o2 , and the expected value of Y equal to one. 

Assuming these return dynamics, the variance rate is (Ao 2 + a 2 ), and the 

distribution of variance estimates (sampling distribution) has a disper­

sion (variance) of [3Ao 4 + 2(Ao 2 + a 2 ) 2 ]. 

Leth represent the time interval between successive return 

observations and let t represent the time period over which such obser­

vations are collected. Setting t equal to one and holding it constant, 

(h) (n) must equal t which, in turn, always equals one. Thus, if monthly 

stock prices are observed, then his 1/12 and n is 12; if daily prices 

(or returns) are collected, then his 1/270 and n is 270. For a con­

tinuous sample path of successive returns, the variance of the sampling 
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distribution of variance rates can be written as 2cr 4h/t. 3 When the sam­

ple path includes a Poisson-driven jump component, the variance of the 

sampling distribution is written as [3Ao 4 + 2h(Ao 2 + cr 2 ) 2 ]/t. Holding 

t constant and increasing n, reduces the variance of the sampling dis­

tribution for the continuous process, and in the limit this variance 

approaches zero (i.e., h becomes successively smaller and in the limit 

approaches zero). For the Poisson process, however, the limit of the 

variance of the sampl~ng distribution is not zero, but, instead is 

(3Ao 4 ). The significance of this disparity [(3Ao 4 ) vs. zero] is de­

pendent on the proportion of the return process containing non-local 

changes in price. If cr2 is much greater than Ao 2 , then the magnitude 

of the estimation error will be insignificant; if a substantial portion 

of the process is discontinuous, then Merton (197Gb, p. 338) asserts 

that the magnitude of the estimation error will be of the same order as 

the estimate of the variance rate. 

The variances of both sampling distributions approach zero by 

letting t become very large. Thus, the estimation error approaches 

zero in both cases like 1/t. When the parameters of the process are 

truly constant over the time period in which observations are collected, 

Merton recommends using the entire price history for variance estimation. 

He emphasizes that one is indifferent between this strategy and the in­

crease of n by the reduction of h if the return process is continuous. 

Merton (197Gb, p. 338) reports the empirical evidence indicates 

that the parameters for either process are not constant; and the ability 

3. 2cr 4/n = 20 4/(t/h) given that n = t/n. Therefore, 2cr 4/n = 
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to estimate the varian9e rate accurately using return observations from 

a relatively short period of time is critical to the successful appli-

cation of the B-S model. Suppose, for example, one knew that the para-

meters of the process were constant for the calendar year, changing only 

on December 31, and an estimate of a six-month option's price is needed 

on July 1 of the current year. If the successive returns of the under-

lying stock follow a continuous sample path, then an accurate estimate 

of the variance rate can be attained by minimizing the interval of time 

between observations for the period January 1 to July 1. On the other 

hand, should the time period over which return observations are col-

lected include December 31, it is impossible to improve the variance 

estimate pertaining to the jump component by subdividing the interval 

between return observations. Instead, the total time period over which 

observations are collected would have to be expanded, but this strategy 

loses its effectiveness when the variance rate is unstable over time. 

Since it is unlikely that variance rates are constant, one must focus 

on the severity of B-S prediction errors when the return process con-

tains a jump component. This is the objective of the Merton (197Gb) 

study. 

To derive a model of the option pricing process, Merton (1976b) 

assumes that the Poisson distribution is the appropriate model for the 

jump component. Further, he assumes that any risk pertaining to the 

non-local changes in security prices is nonsystematic, and therefore, 

4 can be diversified by holding a portfolio of hedges. The option 

4. Merton asserts that this is-a very strong assumption, but 
it is necessary to eliminate the risk pertaining to the jump component. 
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pricing formula resulting from these assumptions is: 

(3) 

where z is a random variable with the same distribution as the product n 

of n independently and identically distributed random variables, each 

identically distributed as the random variable Y. The variable k is 

equal to E(Y-1), and it is understood that z0 is equal to one. The 

other notation retains the definitions given above. 

Merton identified four parameters which would contribute to the 

difference between the value of an option predicted by equation (3) and 

by the standard B-S formulation. They are: (1). the stock price mea-

sured in units of the discounted exercise price; (2) the expected vari-

ance of the logarithmic returns on tjle optioned stock over the life of 

the option, where time to expiration is expressed in variability units 

rather than in calendar time; (3) the fraction of the total expected 

variance in the stock's return caused by the jump component; and (4) the 

ratio of the expected number of jumps, over the life of the option, to 

the maturity measure. He then demonstrates that both the B-S standard 

formula and his formula, modified for the jump component, cap be re- . 

stated using the aforementioned parameters as arguments. This enabled 

him to determine predicted option values from equation (3) arid from the 

B-S model for numerous combinations of parameter values. The difference 

in the estimates from each formulation constitutes the prediction error 

induced by misspecification of the return dynamics. Specifically, 

Merton defines the percentage prediction error as, 

[(c - c )/c ]100, e e 
(4) 
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where c is the predicted option price from equation (3) and c is the 
e 

predicted value from the B-5 formula. 

Given a jump component in the return process, Merton's results 

indicate that the B-5 formulation provides values deep in-the-money and 

deep out-of-the-money options which are too low. When the underlying 

stock price is at or near the exercise price, B-5 predictions are too 

high. However, the magnitude of these errors decreases with increasing 

times to expiration, because the distributions of stock prices generated 

by either the jump or continuous processes tend to converge with in-

creasing T. Executive stock options are at-the-money and have a long 

life, thereby minimizing the aforementioned problem. 

For a relatively low frequency of jumps over the option period, 

the percentage of the volatility caused by the jump component had to ex-

ceed forty percent before a prediction error of more than five percent 

could be generated, and this magnitude of error only occured for the 

shortest option period. For a higher frequency of jumps, the combina-

tions of high volatility, resulting from jumps, and short option per-

iods necessary to induce errors exc~eding five percent became more dis-

5 par ate. 

Short maturity options or options on securities with low total 

variance rates will have B-5 predicted values which are substantially 

different from the predictions of equation (3), particularly when a 

5. As the frequency of jumps per unit time becomes very large, 
assuming the variance rate pertaining to the jump component is constant, 
the variance of the change in security price will become very small. 
The limit of this process is a continuous process with a corresponding 
normal distribution. This is an application of the Central Limit 
Theorem. Its significance is that it helps explain Merton's results. 
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significant portion of the variability of returns results from the jump 

component and the frequency of jumps over the option period is small. 

Further, deep out-of-the-money options can have large percentage errors 

. d' . 6 in B-S pre ictions. Excepting these cases, however, specification error 

in the return process of the optioned security results in prediction 

7 errors which are less than five percent of the B-S model values. 

Noreen's Study of Variance Estimation Strategies 

Thus, it appears that the predictive ability of the B-S model 

depends predominately on the variance estimate. Recognizing this, 

Noreen (1977).conducted an empirical test in which six different vari-

ance estimation procedures produced variance estimates for use in the 

B-S formula. The April 18, 1975 closing prices were obtained for a sam-

ple of thirty-four warrants. The variance rate of returns on the under-

lying common stock was estimated using the following procedure: 

(1) The sample variance of ln[(St + D )/St ] was calculated 
t -1 

using the closing prices of the associated common and the 

dividends for the eighteen months prior to April, 1975; 

where St and Dt are stock price and dividend, respectively 

for the tth month. 

6. The context of the Merton (197Gb) study differs from the 
study of Boyle-Ananthanarayanan (1977), but the results of these two 
studies show a striking similarity. 

7. Merton points out that many practitioners who use the B-S 
formula use a relatively short history of underlying daily stock prices, 
usually six months, to estimate the variance rate because they believe 
that the variance is not constant. In this context, investors who 
assume that the sample path for stock prices is continuous may be led 
to believe-that the ·variance parameter is changing when indeed it is 
constant. 
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(2) The sample variance of ln[(St + Dt)/St-l] was calculated using 

the daily stock price observations and dividends for the twenty­

one trading days prior to April, 1975. He converted these re­

sults into monthly variances; the sample variance was multi­

plied by the average number of t~ading days in a month. 

(3) The estimation strategy in (2) was duplicated, except closing 

stock prices and dividends over forty-one trading days prior 

to April, 1975 were used. 

(4) The same estimation procedure described in (2) was used, except 

the time period was extended to the sixty-one trading days 

prior to April, 1975. 

(5) He assumed that the B-S model is a valid representation of the 

option (warrant) pricing process; and he assumed that the para­

meters of the model, excepting the variance, could be specified 

accurately. Actual warrant prices and the B-S model were used 

in a numerical routine to impute various rates. The variances 

imputed by this procedure represented the ex ante expectations 

of the market pertaining to the volatility of the underlying 

security. 

(6) Four simple regression equations were generated by regressing 

the imputed variances of {5) (dependent variables) on each of 

the estimates of (1) through (4) (independent variables). The 

fitted values from the four individual regression equations 

were then used as the variance estimates in the B-S formula. 
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Using this set of variances, predicted warrant prices were com­

pared with actual market prices. These comparisons indicated that the 

fitted variance estimates from the regression, in which the historical 

estimates of item (4) were the independent variables, dominated. How­

ever, only eleven of the thirty-four estimates were within twenty-five 

percent of the actual market price of the warrants. 

The errors were expressed as a percentage of the market price of 

the warrant, and the ranged from a negative ninety-three percent to a 

positive two hundred fifty-two percent. Only five of the thirty-four 

warrant prices were predicted with at least five percent accuracy. 

Noreen concludes that this evidence is indicative of the inability to 

adequately specify the variance; thus, the model might not generate 

. stock option compensation estimates with the degree of accuracy demanded 

by most accountants. 

Explanations of Noreen's Results 

Several factors could have contributed to these results. The 

results of the studies cited previously, as well as others, will assist 

in the explanation of these factors. Inspection of the ma~ket values 

of the warrants included in Noreen's sample revealed that twenty of the 

thirty-four prices were less than one dollar. Schmalensee and Trippi 

(1978, p. 131) point out that transaction costs are an important factor 

when warrants or options are trading at very low prices. The Black and 

Scholes formula has an underlying assumption of zero transaction costs, 

and the predictive ability of this model in these cases is questionable. 

Moreover, the validity of imputing variance rates with this formula is 
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suspect because of the assumption that the model describes the pricing 

process. Recall that the process of variance imputation assumes the 

formula is a valid representation of the option pricing mechanism, and 

that all parameters, except the imputed one, are accurately specified. 

It is unlikely that these assumptions are satisfied when the price of 

the warrant is very low. 

Since the prices of these warrants are low, it is likely that 

they were deep out-of-the-money. Black (1975), Latane and Rendleman 

(1976), Boyle and Ananthanarayanan (1977), Schmalensee and Trippi (1978), 

Macbeth and Merville (1979) note that the B-S model tends to predict 

poorly for options, or warrants, which are far in-to or out-of-the-money. 

In these cases, the formula gives biased predictions, despite the verity 

of the variance estimate. It would price options incorrectly even if 

the "true" variance were used. Specifically, Macbeth and Merville (1979, 

pp. 1185-1186) conclude that the B-S model tends to overestimate the 

values of out-of-the-money options or warrants, and that such overesti­

mations will increase with decreases in the prices of the underlying se­

curities. Hence, it is unlikely that the model adequately represents the 

the pricing mechanism when options are deep out-of-the-money. 

Schmalensee and Trippi (1978, pp. 145-146) assert that increas­

ing share prices are associated with investors' ex ante expectations of 

declining volatility, thus lowering the market values of the related 

options. Conversely, declining share prices are associated with in­

vestorsi ex ante expectations of increasing volatility, thereby increas­

ing the market values of related options. Using the B-S formula to 

impute a variance rate pertaining to an out-of-the-money option could 
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provide an estimate which is too high, and its application in the B-S 

formula will result in a price prediction which exceeds the market val­

ue of the option or warrant. The converse is true if the option or war­

rant is in-the-money. 

Both the Latane-Rendleman (1976) and Schmalensee-Trippi (1978) 

studies contain statements that non-synchronous observations of option, 

or warrant, prices and underlying security prices.will introduce noise 

into the process of imputing variances. In this context, some results 

of the Patel! and Wolfson (1979) study are informative, because these 

results suggest that non-synchronous observations of option prices and 

share prices introduce a bias in the variances estimated through impu­

tation. The evidence produced by Patel! and Wolfson indicates that the 

magnitude of such bias increases with the time.until the expiration of 

the option. Specifically, if the stock price rises during the time be­

tween the last option trade and the last stock trade, then the variance 

is underestimated; and if the stock price falls, then the variance is 

overestimated. Consequently, utilization of these implied variances in 

the B-S formula will generate prediction errors. The magnitude of such 

errors will depend on the length of time until the optton expires and the 

time between the last option trade and the last stock trade; their direc­

tion will depend on the status of the option (in-the-money or out-of-the­

money) and the direction of the change in the price of the optioned se­

curity during the period after the last trade in the option. 

The Jollowing list is a summary of possible explanations of the 

inadequate predictive ability evidenced in the Noreen (1977) study: 
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(1) Although the spread pertaining to each warrant is not provided, 

it is likely that many of the warrants were out-of-the-money. 

In these cases, a wide range of implied variances could corres-

pond with a narrow range of warrant prices. In this regard, 

Latane-Rendleman (1976, p. 371) provide the following comment: 

The ISDs (implied standard deviations) on those options 
whose prices are the least sensitive to a precise spec­
ification of the standard deviation are li~ely to be un­
representative of the market's underlying expectation. 
Implied standard deviations on such options. could take 
on a wide range of values within a narrow range of op­
tion prices. 

Under these conditions, it is quite possible that the B-S for-

mula would markedly underestimate or overestimate an option's 

value. 

(2) A substantial portion of the warrant sample included prices of 

one dollar or less. Schmalensee and Trippi (1978, p. 131) note 

that transaction costs, assumed to be zero in the B-S model, 

are likely to play a significant role when option values are 

low. In fact, they excluded all options from their sample 

for which the premia (market prices) were less than one dollar. 

(3) Given the validity of the B-S formula, Boyle-Ananthanarayanan 

(1977) provide evidence that variance estimates will result in 

a bias in the model predictions, and that this bias is particu-

larly severe for options which are deep out-of-the-money. 

(4) M~rton (1976b, p. 343) cautions that the B-S predictions for 

deep out-of-the-money options could contain a substantial 

magnitude of error if the underlying stock price dynamics are 

not continuous. 
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(5) The Macbeth-Merville (1979) study shows that imputed variances 

for options either deep in-to or out-of-the-money are not rep­

resentative of the ex ante expectations of the market. Accord­

ingly, they devote a significant portion of their efforts to 

the estimation of variances that would be imputed if the options 

were at-the-money. 

(6) Patell and Wolfson (1979, pp. 135-136) note that non-synchro­

nous observations of option prices and the related stock prices 

produce a bias in variance estimates which could be of substan­

tial magnitude. 

(7) The particular form of the B-S model used by Noreen included a 

modification by Merton (1973, pp. 170-173) fer. securities that 

pay dividends continuously such that the dividend yield, D/S, 

is constant. This modified formula does not apply to options 

or warrants which allow exercise before maturity. Noreen 

states that the value of an unprotected American warrant will 

always be equal to or greater than the value predicted by the 

formula because of the probability of premature exercise. How­

ever, such prediction bias could be reduced by finding the op­

timal exercise date and using that date as the maturity date 

in the application of the model. 

Given these factors, it is unlikely that the B-S model would 

exhibit predictive accuracy for samples such as Noreen's. None of the 

authors of papers reviewed in this section were willing to attribute 

predictive ability to the model when options or warrants were out-of-
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short time to maturity. 
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In this thesis, the B-S formula is assumed to be robust for op­

tions or warrants having a spread at or close to zero and at least nine­

ty days to expiration. Given this ass'Ull\ption and the evidence summarized 

above, the appropriate methodology to employ would be to impute variances 

from the market prices of at-the-money warrants with at least ninety days 

to expiration, provided such information were available for the firms 

included in the sample. However, only eight of these firms had warrants 

trading at a time which is in close proximity to the grant date. Fur­

ther, these warrants were deep out-of-the-money, and as the research 

cited above suggests, no predictive ability is gained from variance es­

timates implied by the market prices of such warrants. 

Latane and Rendelman (1976, p. 377) report that variance esti­

mates based on post-measurement date (post grant date in this study) 

return data have a higher correlation with imputed variances than those 

estimates based on pre-measurement date return data. This is consistent 

with the results of Noreen (1977) and Black-Scholes (1972). 

The return data for this study are obtained from the Center for 

Research in Security Price's (CRSP)·daily returns tape which has been 

updated through December 31, 1979. Since the sample includes data per­

taining to stock options granted during 1978, variances can be calcu­

lated using post-grant date return data for periods as long as eighteen 

months. 

Using the post-grant return data, four variance estimates - one 

for each time period included in Noreen's study - will be calculated for 
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each firm in the sample. Daily return data will be used in order to 

maximize the number of return observations for each time period. This 

strategy is based on the evidence of the Merton (1976b) study. Since 

there is a chance that stock price increments will include jumps, the 

B-S prediction errors resulting therefrom will be minimized by reducing 

the time interval between return observations to a minimum. 

In this regard, the prediction error resulting from misspecifi·· 

cation of the return dynamics of the underlying security is uncertain. 

However, the stock options included in the sample have option periods 

ranging from five to ten years. Furthermore, most options are granted 

with the exercise price equal to the market price of the related common 

stock on the date of grant. Given the results of the Merton (1976b) 

study, this writer anticipates that the B-S model estimates of stock op­

tion compensation will be too large, but by amounts less than five per­

cent of the model values 

The other parameters of the B-S model do not present estimation 

problems. However, the determination of the risk-free interest rate is 

discussed briefly in Chapter 5. The discussion now turns to the effect 

of cash dividend distributions on the option pricing mechanism, and to 

their impact on the estimation methodology utilized in this study.· 

The Impact of Cash Dividends 

Many firms pay cash dividends to their common shareholders. 

Investors holding call options on comrnon stock do not recieve dividend 

payments unless they exercise their options prior to an ex-dividend 
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the cash dividend distributions. 8 
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The standard B-S pricing formula has among its underlying assurrip-

tions that no cash dividends are paid to conunon shareholders; and that 

• the call option is the European type, not exercisable until maturity. 

If the effect of the cash dividend distribution is the reduction in the 

market price of the optioned stock, then the market value of the option 

also would de~line, ceteris paribus, every time dividends are distrib-

uted to common shareholders. 

American options are exercisable prior to maturity. Merton 

(1973, pp. 143-144) demonstrates that the value of an American option 

will be at least as great as the value of its Eurpo~an counterpart due 

to the early-exercise feature. Furthermore, he shows that the value of 

an American option is equal to its European counterpart if the share-

holders of the underlying common stock do not receive dividends during 

the option period. In other words, a rational investor would never ex-

ercise an American option prematurely when cash dividends are not dis-

tributed to investors in the underlying common stock. 

When an American option is in-the-money, MeFton (1973, pp. 170-

173) shows that a rational investor may exercise the option before ex-

piration. Specifically, premature exercise is dependent on the market 

8. The options discussed in this section are unprotected with 
respect to cash dividend distributions. This discussion is appropriate 
because the writer has found no evidence indicating that stock options 
are dividend protected. Further, it should be noted that this section 
does not apply to stock dividend distributions. A survey of 1,585 firms 
indicated that stock option contracts are adjusted for stock dividends 
and splits. 
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price of the opticaed stock, the amount of the cash dividends, the re-

turn volatility of the underlying stock, and the time remaining until 

expiration. The probability of early exercise is greater when the op-

tion is on a security with low return volatility and dividend distribu-

tions of a relatively large magnitude. Moreover, the premature exercise 

of such an option is almost certain when the spread is much greater than 

zero and the time until maturity is very short. In this context, Merton 

(1973, pp. 154-156) also shows that premature exercise of an option will 

occur just prior to the ex-dividend date for cases of discrete dividends, 

but never in between dividend payment dates. 

Schwartz (1977, pp. 81-82) identifies a critical stock price, 

Sc' above which the exercise value of the option, (St - X) is ~reater 

than its ex-dividend value. Thus, for any stock price greater than s , 
C 

a rational investor would exercise the call option the instant before 

the stock goes ex-dividend. Conversely, the American call option would 

not be exercised prematurely when the underlying stock price is less 

than S. This is depicted geometrically in Figure 2. · 
C 

Anytime before an ex-dividend date, the market value of an Amer-

ican call option should reflect the probability of early exercise. For-

mally, if 

T-1 
E De-r(T-t+l) > X[l-e-r(T-t)], ~) 

t=l 

then a finite S exists above which an American option will be exercised 
C 

just before t; where Tis the number of discrete payments, t = T-1, T-2, 

••• ,l; Dis the amount of the dividend; and Tis the time until the 
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option expires.
9 

Letting T equal one and Prob(ct <St+ D - X) approach 

1, Roll (1977, pp. 253-254) demonstrates that the value of an unprotected 

American call option approaches the B-S valuation, but with the ex-divi-

dend date used in place of the option's contracted expiration date. 

Since it is almost certain that the option will be exercised an instant 

before t, t becomes its effective date of expiration. No dividend is 

paid prior tot; therefore, the B-S European call option formula is ap-

plicable. 

However, when there are multiple dividend payments during the 

option period, the B-S solution is not strictly applicable. Schwartz 

(1977, p~ 81) states that a closed form solution is yet to be discovered. 

Geske (1978) provides such a solution for a Eurpoean call option on com-

mon stock with a stochastic dividend yield. However, he explicitly 

states that his formulation does not apply to American options. 

Cash dividends on the underlying common shares will impact an 

option's value due to the decline in the share price occuring on the 

ex-dividend date, and due to the effect on the variance rate. While it 

is well known that the stock price declines by a fractional amount of 

the dividend, the direction of change in the variance rate attributable 

to dividends is uncertain. 

9. This discussion has an underlying assumption that the divi­
dend is known with certainty, or in effect, the dividend payments have 
been escrowed. 
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The instantaneous variance rate of return on a common stock with 

stochastic dividends is given by Geske (1977, p. 622) as 

cr 2 = cr2 + cr 2 
- 2cr r* r o re (6) 

where cr:* is the variance of the total return on the stock, a: is the 

variance rate pertaining to the stock, cr~ is the variance pertaining to 

the uncertain dividend yield, and crro is the covariance of the return 

on the stock with the dividend yield. The instantaneous var.iance of the 

dividend yield increases the variance rate of the stock's return; and if 

returns on the stock are negatively correlated with the dividend yield, 

then the covariance term in equation (6) will also increase the variance 

rate used in the option pricing formula. 

Geske notes that management may be reluctant to increase divi-

dends. Having an aversion to informing stockholders of a negative change 

in the firm's earnings propects, managers may be even more reluctant to 

decrease dividends. Such a compunction may produce a negative covariance 

a stock's return and its dividend yield. Moreover, the asymmetry of man-

agement's predilection implies that the negative correlation is greater 

when earnings are declining than when they are rising. 

Since the predicted value of an option is positively related to 

a change in the variance of the underlying security, or ac/ocr2 > O, the 

effect of a negative covariance on the variance rate, cr2 *' used in the r 

option pricing equation counteracts the negative effect that cash divi-

dends have on the market price of the optioned stock and the market val-

ue of the related option. The effects of the stochastic dividend 

adjustment will be more significant for long-lived options or warrants 

because the variance rate increases with time. 
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The studies summarized above suggest two implications regarding 

the impact of cash dividends on an estimation strategy. First, the val­

ue of an American call option is at least as great as its European coun­

terpart due to the premature exercise feature. But a rational investor 

will never exercise an American option between dividend dates. Instead, 

he will exercise the option the instant before an ex-dividend date or on 

the expiration date, depending on the conditions that prevail at those 

times. Accordingly, an option valuation strategy should include a de­

termination of the optimal exercise date. If this turns out to be an 

ex-dividend date, then this date should be utilized in the pricing for­

mula instead of the expiration date. Second, stochastic dividends may 

increase the variance rate of the optioned security, and thus offset, to 

some degree, the negative effect on an option's value of a decline in 

the market price of the underlying stock resulting from cash dividends. 

The magnitude of the difference in option values, if any, is not estima­

ble because a closed form solution for an American call option on a 

dividend-paying security does not exist. Nevertheless, it seems likely 

that the early-exercise feature has a positive impact on an option's 

price that is conunensurate with the time to expiration. Also, the like­

lihood that the underlying share price will reach the critical value for 

premature exercise increases with the time to expiration. 

There is a paucity of empirical evidence p~rtaing to these is­

sues. But in this regard, Schwartz (1977) offers some informative an­

ecdotal evidence. He employed a solution algorithm to estimate the 

value of an American Telephone and Telegraph (ATT) warrant. During the 

time period that ATT warrants were outstanding, conunon shareholders were 
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receiving quarterly cash dividends of sixty-five cents per share. His 

algorithm incorporated this dividend parameter. The results were com-

pared with the standard B-S solution and Merton's modified version which 

assumes a constant, continuous dividend yield. The warrant parameters 

are given in Table 6, and the comparisons are provided in Table 7. 

Table 6 

(ATT) Warrant Parametex-s as of 
November, 1970 

Variance rate 
Risk-free rate 
Quarterly dividend 
Exercise price 

0,0017 per month 
0,0637 per annum 
$ 0.65 
$52.00 

The market value of the warrant is estimated as of the middle of the 

month for several months, and for several different market values of 

the ATT conunon. The reader should note that he did not update the es-

timation of the variance rate estimate; the value in Table 6 was used 

for all of the price estimates. However, the risk-free rate was up-

dated, and it ranged from 5.31 percent to 8.64 percent. 

The numerical procedure and the B-S model adjusted for dividends 

markedly undervalue the warrant on each of the seventeen dates; whereas, 

the standard B-S model moderately overvalues the warrant when it is 

slightly in-the-money and undervalues the warrant when it is out-of-the-

money. However, the Black and Scholes prediction, excluding the divi-

dends, is much closer to the market price. 

The Schwartz (1977) study provides other informative results. 

The stock price must exceed some critical level before premature exercise 
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Table 7 

Comparison of ATT Warrant Price Estimates with 
the Market Price on Selected Dates 

Spread Warrant Prices ($) 
Time to Pertaining 
Expiration to the Market Numerical B-S no B-S with 
(months) Warrant Price Method Dividends Dividends 

54 - 7.00 8.00 3.27 8.58 2.60 

51 .38 11.50 6.09 12.55 5.38 

48 - 4.88 9.68 3.72 8.73 3.09 

45 - 7.50 9.00 2.63 6.71 2.12 

42 - 9.75 7.13 1.43 4.21 1.09 

39 - 8.00 7.68 1.81 4.75 1.46 

36 - 9.50 . 6.88 1.31 3.61 1.03 

33 -10.13 5.68 1.09 3.00 a.as 

30 - 1. 75 7.50 3.89 7.59 3.50 

27 - 0.88 7.25 4.40 8.00 4.04 

24 1.13 6.68 5.42 8.96 5.07 

21 - 4.50 4.88 2.44 4.64 2.20 

18 - 4.50 4.75 1.93 3.63 1.75 

15 - 0.25 4.38 3.41 5.54 3.18 

12 - 5.00 2.75 1.24 2.28 1.12 

9 - 9.65 1.50 0.16 0.34 0.13 

6 - 4.50 1.25 0.57 0.95 0.51 

Adapted from Tables 1 and 2 in Schwartz (1977, pp. 91-92) 
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should occur. The parameters, T, cr2 , and r, are varied to determine 

their effect on the magnitude of the critical stock price. The suffi­

cient condition for no premature exercise of an option in the constant, 

continuous dividend case, derived in Merton (1973, p. 156), is D < xr; 

where Dis the dividend rate as a fraction of the exercise price, X, and 

r is the risk-free interest rate. Schwartz reports that the critical 

stock price is infinite, regardless of parameter values, when this suf­

ficient condition is satisfied. The only exception is the final divi­

dend date when the critical stock price is $54.75 and the other parameter 

values are specified in Table 6. When Merton's sufficient condition is 

not satisfied, the critical price of the underlying stock is infinite. 

It declines with the time to expiration, the variance rate, and the risk­

free interest· rate and it increases with decreases in the magnitude of 

the dividend.· 

Thus, the probability of premature exercise diminishes as the 

volatility of the optioned security, the risk-free interest rate, and 

the time to expiration increase. The Schwartz study indicates that 

early exercise is unlikely until the time to expiration becomes short, 

and then it will occur at the instant before an ex-dividend date. In 

most· cases, the relevant ex-dividend date is the last one before the 

option exp;res. 

Black (1975) reconunended an ad hoc adjustment for dividends. 

His procedure ~equires that the present value of the dividend payments 

be deducted from the price of the optioned stock on the grant date. 

B-S model values are determined for each ex-dividend date, and the 
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expiration date would become that date for which the value predicted by 

the B-S model is the greatest. 

How~ver, the evidence reviewed in this sec·Hon does not support 

an adjustment of the B-S equation for dividends. Moreover, stock options 

typically are granted with the exercise price equaling the market price 

on the grant date, and in effect, the adjustment suggested by Black 

would produce options _which are deep out-of-the-money. Black notes that 

the model systematically undervalues such options. Further, the results 

of the study by Schwartz (1977) corrobrate Black's statement. The 

Macbeth and Merville (1979) evidence conflicts with these conclusions, 

but the biases introduced through their variance imputation process 

could have contributed to this apparent contradiction. Therefore, it 

is assumed that the standard model will undervalue out-of-the-money op­

tions, and the dividend adJustment offered by Black (1975) will result 

in an.underevaluation of the compensation implied in stock option 

grants. 

Thus, the standard B-S formula will not be modified for dividend 

payments to shareholders of the underlying common stock. However, the 

option grants will be checked for the possibility of early exercise by 

comparing ~e present value of the dividends paid with the opportunity 

cost associated with the exercise price. Formally, ·if inequality (5) 

is satisfied, then it will be assumed that the option will be exercised 

on the earliest ex-dividend date for which this condition is satisfied. 

This is, however, only the sufficient condition for premature exercise. 

The reader is reminded that the satisfaction of this condition implies 
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a finite critical price of the optioned stock above which the exercise 

value of the option is greater than its model value. Premature exercise 

is certain only if the stock price is equal to or greater than s. 
C 

Taxes 

The B-S model derivation employs the assumption that taxes and 

transaction costs are zero. One might suspect that model predictions 

are too high in an economy where transactions in securities are typi-

cally subject to taxes. In particular, the option writer ~ust add the 

premium received (the market value of the call) to the selling price of 

the stock (the exercise price of the option) when the option is exer-

cised to determine the total selling price of the stock delivered. The 

tax treatment of this "sale" is dependent on the holding period pertain-

ing to the shares delivered; if the stock has been held by the writer 

for the requisite length of time, then the long-term capital gain or 

loss treatment applies. Otherwise, the transaction is taxed as a short-

term capital gain or loss. On the other hand, the option writer must 

treat the premium as ordinary income if the option is allowed to expire. 

If the option is repurchased by the writer, then the gain or loss re-

sulting from this transaction is taxed as ordinary income or loss. 

The tax status of the option buyer is different. In his case, 

the option is considered to be a capital asset for which the holding 

period begins on the date the option is acquired. The holding period 

ends with the exercise, sale, or expiration of the option. On exercise, 

the option holder purchases stock and the tax basis of this acquisition 

is the exercise price plus the option premium. The exercise of an 
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option begins a new holding period, and the taxation of the subsequent 

sale of the shares acquired through exercise is dependent on the length 

of this holding period. 

When the investor sells the option, either a short-term or long­

term capital gain or loss results, depending on the length of the hold­

ing period and the tax rules in effect. If the option is allowed to 

expire, then a capital loss results. Its long-term or short-term status 

depends on the period of time the investor held the option. 

Assuming that all gains and losses are taxed as ordinary income, 

Scholes (1975) demonstrates that the model will overvalue options from 

the writer's perspective. For option buyers and tax-exempt investors, 

however, taxes have no effect on the B-S solution. The B-S formulatio~, 

without taxes, also applies to "dealers" and brokerage houses when op­

tion trading qualifies as a trade or business. 

With respect to corporate grants of nonqualified stock options, 

the granting firm holds a position analagous to an option writer. The 

option premium is the value of the services received from the executive 

(grantee) for which the option grant represents compensation. The ex­

ecutive has a position analagous to an option buyer, providing effort 

in return for stock options. 

The tax consequences of stock option grants are different from 

those accorded to call option transactions as noted in Chapter 1. Re­

call that the executive is not taxed at the grant date, but he must pay 

ordinary income tax on the spread at the exercise date given that the 

options are exercised. When options are allowed to expire, no taxable 

event, such as a capital loss, occurs. The enterprise realizes a tax 
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deduction in the amount of the spread at the exercise date when the op~ 

tions are exercised. If the options are allowed to expire, then no tax 

consequences foll.ow. Since stock options are not transferable, there 

are no other transactions with attendant tax effects. 

Since the executive faces the possibility of taxation at ordinary 

income rates, it is likely that the option grant is less valuable to the 

recipient than the B-S model implies. In a related vein, the potential 

tax shield for the enterprise implies that the option grant is less 

costly than the model predicts. On the other hand, some firms will pass 

on the tax benefits realized through exercise to the employee in order 

to make the option package more attractive. This enhances the value of 

the grant to the executive and increases its cost to the granter firm. 

Whereas the B-S formula could be modified along the lines sug­

gested in Scholes (1975), such modification is not incorporated in this 

study. Many firms do pass on the tax shield realized at exercise to 

their key employees, and consequently, in these cases the standard B-S 

formulation is appropriate. In addition, the empirical evi~ence dis­

cussed earlier indicates that the unadjusted model performs better than 

a modification with respect to the pricing of unprotected options on 

dividend paying common shares. Finally, it is expected that the Eco­

nomic Recovery Act of 1981 will provide the executive with tax relief 

with respect to nonqualified options. In this case, an alt~ration of 

the formula for taxes is not appropriate. 
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Nontransferability Factor 

Foster (1974), Zinunerman-Smith (1976), Noreen (1977), and 

Weygandt (1977) have expressed concern over the use of a market model to 

estimate the value of a nonrnarketable security. Weygandt has suggested 

that the transferability restriction might be incorporated into a valu­

ation procedure. Foster (1974, pp. 102-105) devoted a portion of his 

research effort to the development of a "generalized limited transfer­

ability factor", but his effort did not yield fruitful results. 

Weygandt (1977, pp. 47-48) contends that a proper reduction in 

the value of the option should be ascribed because of the nontransfer­

ability feature. He suggests that several sources be queried regarding 

the magnitude of the cash trade-offs an executive would accept in place 

of stock options.· The sources suggested are the executive, the board of 

directors, and the compensation materials :that provide pay scale infor­

mation for executive positions in given industries. The results of these 

queries are to be compared with a model value; the difference, if any, 

is the amount pertaining to the nontransferability feature. 

Since letter stock has characteristics similar to options, 

Weygandt also sugg;ests- that the ·related discount feature might provide 

a basis for assessing a reduction in the model value of the stock option. 

This is essentially the procedure that Foster (1974) followed. He found 

that the discount attributable to limited transferability varied among 

securities. Thus, he was unable to identify any discount factor conunon 

to all restricted securities. 

Neither of Weygandt's proposals are likely to yield a discount 

factor which is similar for all firms and constant over time. Regarding 
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the former. proposal, executives and the board of directors may oppose 

the release of the information required for the discount factor. With 

respect to the latter proposal, the evidence indicates that a standard 

discount factor is not available. Accordingly, this writer does not 

believe these approaches are feasible to implement. 

The value of an option to an executive, and consequently the 

value of the nontransferability feature, is dependent on his preferences 

and beliefs, market opportunities, and endowment of marketable and non­

marketable assets (Noreen 1977, p. 144). The multi-dimensional nature 

of this valuation problem would make its modeling difficult, if not im­

possible. Moreover, the results may lack the verifiability that many 

accountants demand. 

To insure the verifiability of the valuation model, Noreen 

(1977, pp. 144-145) argues that the executive (grantee) must be able to 

issue options on his own account or create a hedge by selling short the 

granting firm's coimnon stock. These assumptions regarding the trading 

opportunities of the'grantee remove the dependence of the model on arbi­

trary or unknown parameters. Given these market opportunities, the 

value of a stock option to an executive is the same as the market value 

of a transferable option or warrant. 

The opportunity cost of stock option grants to key employees is 

the value of the second best alternative. The act of selling options 

in the open market as nontransferable securities clearly is dominated 

by one of selling marketable options or warrants. Therefore, the second 

best alternative is not the sale of nontransferable securities. It is 

the sale of securities with terms identical to those of the stock options, 
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except the transferability restrictions are removed. Accordingly, the 

valuation model should provide a verifiable estimate of the value of a 

marketable option or warrant which is similar to the executive stock op­

tion in all respects. The transferability restriction is assumed not to 

be an issue. 

Stock options are separate property rights with an inherent val­

ue of their own. This value is the compensation cost pertaining to the 

option grant; it is approximated by the value of the second best alter­

native, the sale of the same security with the transferability restric­

tions removed. The B-S formula provides an estimate of a marketable 

option's equilibrium value, but as prior discussion indicates, there is 

some potential for overvaluation. 

This writer does not believe there is a theory to justify con­

sistent undervaluation as opposed t? a possible overvaluation. Conse­

quently, the B-S model, without adjustment for nontransferability, is 

deemed to be appropriate for the valuation of stock option grants. 

Sununary 

The variance rate of returns on the optioned security is the 

only unobservable parameter in the B-S formula. Consequently, much re­

search effort has been devoted to the effects of specification error in 

this parameter on the predictive ability of the model. These results 

indicate that the optimal estimation procedure is the imputation of 

variances using prices of at-the-money warrants with a relatively long 

time to expiration. For stock option grants, this means the price of 

an at-the-money warrant on the optioned shares trading on or near the 
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grant date, would be used to impute a variance. Preferably, such war­

rants would also possess times to maturity comparable to the stock op­

tions for which compensation estimates are desired. In addition, 

non-synchronomous data controls would have to be implemented. 

This procedure cannot be implemented in this study because mar­

ketable warrants possessing these characteristics are unavailable for 

the firms included in the sample. The research sununarized in this chap­

ter presents evidence that post-measurement date return data for the 

optioned security will provide variance estimates which are correlated 

with imputed variances. Since the stock option grants examined in this 

study occurred during 1978, it is possible to compute variances for the 

optioned securities using post-grant date security prices. This pro­

cedure is followed. 

The validity of applying the unaltered version of the B-S model 

to estimate stock option compensation is another major issue addressed 

in this chapter. Initially, it was thought that the standard B-S model 

would have to be modified to acconunodate the violation of the assump­

tions underlying its derivation. Consideration is given to the effects 

that the discontinuity in the sample path of the optioned security prices, 

dividends, taxes, and nontransferability have on the model's predictive 

ability. Whereas the assumption that these factors are not problematic 

is very strong indeed, there is no compelling evidence that any modifi­

cation of the formula significantly improves its predictive ability. 

In some cases, it appears that its predictive ability suffers from mod­

ification. Accordingly, the standard formulation will be applied to 

executive stock option data, except that all option grants will be 
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checked for the possibility of early exercise. When early exercise is 

deemed probable, the time to expiration will be the time to the ex­

dividend date when exercise is assumed to occur. 

It is recognized that the model's validation should be based on 

an empirical study in which all the factors hypothesized to have an ad­

verse effect on the model's predictive ability have values similar to 

those of the stock option data. For example, stock options typically 

are granted at-the-money, and the length of the option periods are usu­

ally at least five years. Predicted warrant prices, using estimated 

variance rates, should be compared with actual prices for at-the-money 

warrants with at least five years to expiration. If the model predic­

tions are within acceptable limits when compared with actual warrant 

values, then the model is validated for stock option applications. This 

procedure ±s precluded because the warrant price data pertaining to the 

stock option sample used in this study are not available. 



CHAPTER 5 

ANALYSIS OF RESULTS 

This chapter reports the results of applying the Black and 

,Scholes option pricing model to estimate the compensation cost implied 

in stock option grants during the year 1978. Application of the B-S 

formula is defined as the formation of a compensation index. For each 

firm in the sample, stock option grants are valued using the B-S model. 

This result is adjusted for compensation~ if a:ny, that was already re­

corded for such grants. The adjusted compensation estimate is divided 

by income from continuing operations, forming the compensation index. 

The evidence reviewed in Chapter 2 suggests that the enterprise acquires 

additional effort, in the generic context, by issuing stock options to 

its key employees. Since the compensation relating to such incremental 

effor:t is genrally unrecognized, it is termed "implicit". 

This chapter is divided into five sections. The first section 

is a description of the sample selection process and an enumeration of 

the selection criteria.· The application of the B-S formula is demon­

strated in the second secion. The third secion presents the results of 

this study, and the fourth section sets forth a statistical analysis of 

the results. The limitations of the study are discussed in the final 

section. 

172 
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The Sample Selection Process 

To ascribe a value to an option grant using the B-S formula, 

information is needed pertaining to (1) the market price of the optioned 

stock on the grant date, (2) the exercise price of the stock option, 

(3) the time to expiration, (4) the risk-free rate, (5) the variance 

rate of return on the optioned stock, (6) the number of options granted 

and (7) the grant date. With the except~on of the risk-free rate and 

the variance rate, these items had to be disclosed in either the an­

nual report to shareholders or the Form 10-K; otherwise this informa­

tion was considered to be unavailable. 

Despite the prescriptions of the Securities Exchange Commission 

in Regulation s-x, Rule 3-20(d), the stock option disclosure in the Form 

10-k lacked uniformity. Early in the sample selection process it be­

came apparent that inspection of all the 1978 annual reports and Form 

10-Ks on file at the University of Arizona Library·would be necessary 

to obtain a sample of reasonable size. The reports for 1,585 firms were 

examined for stock option information. The ap~lication of the sample 

selection criteria resulted in an initial sample size of 201 firms. 

The details of these criteria are set forth below. 

The firm had to have an option plan in effect under which op­

tions were granted during 1978 and the plan had to be nonqualified. 

When both qualified and nonqualified options were granted, the exact 

number of nonqualified options had to be disclosed; otherwise, the firm 

was excluded from the sample. Options granted under qualified plans 

retained their preference status until May 21, 1981, after which they 

would be treated for tax purposes as nonqualified options. Qualified 
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options were excluded. Including qualified option grants in the sample 

could result in a substantial upward bias regarding the significance of 

option-related compensation because it implies that the nonqualified op­

tion will be granted in lieu of the defunct qualified option on dates 

subsequent to May, 21, 1981. This writer believes that such an assump­

tion is unwarranted, and desires the results of this study to reflect 

the impact of option plans which are unaffected by the change in tax 

legislation. 

The second criterion is that the compensation recorded with res­

pect to nonqualified options granted during 1978 had to be disclosed 

separately or had to be reasonably estimable. This allows the determin­

ation of the incremental compensation recognized under the B-S estimate. 

Since most of the firms granted options with a zero spread on the grant 

date, the differential unrecorded value is simply the B-S model estimate. 

When the spread was positive, the recorded compensation had to be dis­

closed or sufficient information had to be provided so that it could be 

estimated. 

The third criterion excludes grants under variable plans as they 

are defined in APB Opinion No. 25. Contrary .to the fixed, nonqualified 

plans, compensation is recorded periodically after options are granted 

under variable plans. The amount recognized depends on the fluctuations 

in the price of the optioned stock. To apply this criterion, the op­

tions granted under the variable plan had to be disclosed separately 

from those granted under the nonqualified plan, in which case the vari­

able plan options would be excluded. When it was impossible to discern 

the specific type and number of options in the grant, the firm was 
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excluded from the sample. Since all of the variable plan grants in 1978 

consist of SARs, application of this criterion excluded them from the 

sample. Typically, firms having a variable plan in operation would pro­

vide the number of options granted during the year, and they would dis­

close the existence of an appreciation right plan under which SARs had 

been granted. Occasionally, the annual report or the 10-K would even 

indicate the amou~t of compensation recorded with respect to SARs, but 

rarely, however, did these reports show the number of SARs granted sep­

aratly from the nonqualified options. If an appreciation right plan 

was not mentioned in either the 10-K or the annual report, it was as­

sumed that none existed and the grant did not include SARs. 

Some firms granted nonqualified options to replace older quali­

fied and nonqualified options held by key employees. Had these outstand­

ing options not been replaced with newer, lower priced (exercise price) 

options, they probably.would have been allowed to expire. In these 

cases, it appears that changing conditions warranted the issue of re­

placement options with more favorable terms to increase the likelihood 

that exercise will eventually occur. In addition, replacement grants 

sometimes occur following a merger. The surviving affiliate grants 

options to the executives replacing the options they held prior to the 

merger. Since these grants do not add to the conunon shares that are 

under option, they are not considered as compensation for current ser­

vices. Accordingly, any grant, or a portion thereof, consisting of 

replacement options was excluded from the sample. 

Firms granting nonqualified options during 1978 had to disclose 

information pertaining to the exercise price, the market price of the 
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optioned security on the grant date, and ·the time to expiration to en­

able the application of the model. Typically, several grants of options 

were made during the year and the exercise price, the market price, and 

the option period with respect to each grant were not disclosed. In­

stead, the aggregate exercise price and the aggregate market price on 

the grant date for options and shares under option, respectively, were 

provided. This information enables one to calculate a single weighted 

average exercise price and stock price for all grants during 1978. In 

other instances, the ranges of exercise prices and market prices were 

disclosed for grants made during the year. Provided the interval was 

not too wide, its midpoint was considered representative of the exercise 

or the market price pertaining to each grant. Some firms provided the 

aggregate market price of shares under option as of the balance sheet 

date. This information does not allow satisfactory estimates of the 

market price and the exercise price on the grant date, and such firms 

were excluded from further consideration. 

Of the 1,585 reports examined, only twenty-four included the 

specific dates on which options were granted. When the firm failed to 

disclose specific dates, grants were assumed to occur at the midpoint 

of the firm's fiscal year. When the grant date was provided but the 

market.price of the optioned shares on this date was not disclosed, the 

market price was assumed to be the stock's closing price on the grant 

date. 

Most firms provided information pertaining to the option period. 

Frequently, the specific length of the period was not disclosed. In­

stead a range, for example, six to ten years, was provided. The lower 
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end of the range was assumed to be the option period pertaining to 

grants during 1978. This strategy produces conservative, or under-

stated, compensation estimates. When stock option disclosure was suf-

ficient for the application of the B-S model but the option period was 

not provided, such period was assumed to be five years. Table 8 sets 

forth the distribution of firms according to the reason for their ex-

clusion. 

Table 8 

Distribution of Firms 
Excluded from the Sample 

Exclusion Criteria 

No stock option plan, only qualified 
options granted, or no nonqualified 
options granted during 1978 

1978 grants included SARs 

Unable to discern the exact number 
of nonqualified options in the grant 

Inadequate disclosure of one or more 
of the B-S model parameters 

Replacement grants 

Miscellaneous reasons 

Number 
of Firms 

809 

189 

234 

65 

20 

67 

Percentage 

58.S 

13.7 

16.9 

4.7 

1.5 

4.8 

The exercise of the exclusion criteria in conjunction with the 

aforementioned estimation strategies produced a sample of 201 firms. 

The return data pertaining to the optioned securities were obtained 

from the CRSP tape. If a firm was not on the CRSP tape .or if the 
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variance rate could not be calculated using the data on the tape, then 

the firm was dropped from the sample. Thirty firms were dropped, re­

sulting in a sample of 171 firms. 

The Application of the Black-Scholes Model 

The Black-Scholes model provides estimates for European call 

options. In general, the model is, 

c = c(S, T, x, R, a2 ). (1) 

The values of s, T, s, r, and a2 and/or estimates thereof are needed to 

apply the model •. 

Where specific grant date values of the optioned share's market 

price and the option's exercise price were not provided, weighted aver­

age or midpoint values were used. In the majority of cases, specific 

values for the option period, T, were disclosed; otherwise they were 

estimated using the strategy outlined in the previous section. The pro­

cedures regarding the risk-free rate and the variance rate are described 

in this section. 

Merton (1973), Schwartz (1977), Patell and Wolfson (1979), and 

others state that the appropriate interest .rate to use in the model is 

the yield rate of a relatively risk-free security which has a maturity 

date that is identical with or close to the expiration date of the op­

tion or warrant. For exampler suppose a stock option is granted on 

June 30, 1978 and expires ten years later on June 30, 1988. The yield 

to maturity as of the grant date for an Aaa rated bond maturing on or 

close to June 30, 1988 is the appropriate rate to use in the B-S for­

mulation. 
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Moody's Investors Services gives the yield to maturity of Aaa 

rated bonds for each month of the year. In addition, this manual pro­

vides the maturity dates for these bonds. It would be possible to select 

a yield rate of a bond for a point in time close to the grant date which 

has a maturity date similar to the option's expiration date. This pro­

cedure could be followed for each type of industry, namely transportation 

and utilities, banking and finance, and manufacturing. However, for a 

given month, time·to. maturity, and industry classification, the yield to 

maturity varies among Aaa rated bonds. The variation of these rates is 

as great as the variation in rates for all Aaa bonds, regardless of the 

month,.time to maturity, and industry classification. Thus calculating 

an average yield to maturity according to these catagories will not pro­

duce an estimate of a risk-free rate which is more precise than a simple 

average for all 1978 Aaa bonds: 

One other factor precludes a more precise estimation strategy. 

Only eight of the 171 firms in the sample disclosed the dates on which 

stock options were granted. The grant dates for the remaining 163 

firms were arbitrarily assumed to be the middle of the fiscal year of 

each firm. The estimation procedure for the risk-free rate outlined 

above would have validity only when the grant dates are known. Since 

the classification of Aaa bonds does not diminish the variation in 

yield to maturity rates and a marjority of the grant dates were assumed, 

a simple average of yield maturities for 1978 was calculated. The re­

sult is a yield to maturity of 8.68 percent. 
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Post-grant ret~n data for the underlying shares were used to 

estimate the variance rate of return. Following Noreen (1977), daily 

returns were used to estimate the variance for periods of twenty-one 

days, forty-one days, sixty-one days, and eighteen months. It was im-

possible to determine which variance estimate would impart the greatest 

predictive ability to the B~s formula because an insufficient number of 

marketable warrants for sampled fi;t!ls_preclude.d empirical testing. For 

many firms, the estimates pertaining to the aforementioned time periods 

exhibited a remarkable degree of similarity. When a substantial dif-

ference exists, it is usually the eighteen-month variance which deviates 

in value. The daily estimates for each time period are provided in the 

Appendix. 

The average of the variances for the four periods was calculated. 

This result·was converted from a daily rate to an annual rate by multi-

plying the average by 250, the average number of trading days in one 

1 year. This conversion was necessary because the program used for the 

B-S formula calculations requires an annual variance rate as input. The 

calculation for each security is, 

s = /i/4CS2 + s2 + s2 + s2 )250 
B-S 21 41 61 1am 

(2) 

where s2 . is the twenty-one day variance, s2 is the forty-one day var-
21 41 

. s2 iance, 
61 

is the sixty-one day variance, and S2 is the eighteen month 
1am 

variance and s
8

_
8 

is the estimate of the standard deviation. 

l. Multiplication of an average daily variance rate by the 
average number of trading days in a year is permitted because the re­
turns of ~he underlying securities are assumed to be independent with 
identical distributions. 
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To illustrate the application of the B-S formula, the following 

values pertaining to a stock option are assumed: 

s = $50 
X. = $50 
r = 8.68 percent 
T = 1,800 days or 5 years 
s = 0.2500 
B-S 

Recall that the Black-Scholes formula is, 

ln(S/X)+[r+(cr2 /2)]T] -rT c = S•N - e X•N 
crlT 

ln(S/X)+[r-(cr2 /2)1Tl 

cr~ ] 
(3) 

where N(·) is the cumulative normal distribution function. Substituting 

these values in the B-S formula yields, 

[
ln(l) + [.0868 + (0.0625/2)]5] 

C = SO•N 
~sis 

_ 
9

(-.0868) 50 .N [ln(l) + [.0868 - (.0625/2)]5] 

.2sv's J 
= SON(l.0558713) - (.64791226)SON{.49685430) 

= $20.18. 

(4) 

The program used to calculate option values was acquired from 

Hewlett Packard. The option periods actually used as input were ex-

pressed in days rather than years as in the example above. Otherwise, 

these numbers will result in the same estimated option value when they 

are used as input for the B-S calculation routine. The next section 

summarizes the results. 

Summary of the Results 

Before stock option values were estimated, the sample data were 

examined for the possibility of early exercise. The sufficient condition 
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T-1 

for early exercise is E e-r(T-t+l) D > [X - Xe-r(T-t)], t = o, 1, 2 •• , 
t=l 

(T-1). It is assumed that the probability of early exercise is rela-

tively great ~hen this condition is satisfied. The option pricing theory 

explicated in Chapter 4 indicates that the satisfaction of this condi-

tion only insures the existence of a finite price of the optioned stock 

above which the exercise value of the option, (S-X), is greater that its 

ex-dividend model value. This implies that the magnitude of this crit-

ical stock price should be determined for each case in which the above 

condition indicates that it is finite. However, this ~ould require con-

siderable computational effort, and one still would have to anticipate 

the likelihood that the market price of the underlying security would 

reach this magnitude. 

This writer believes that the uncertainty regarding premature 

exercise is not sufficiently diminished with the calculation of the 

critical stock price. Schwartz (1977, p. 89) shows that the critical 

stock price declines at an increasing rate as the expiration date of the 

option approaches. During the final three months before the option's 

expiration, the critical price of the stock would not be much greater 

than the exercise price. Consequently, when the sufficient condition 

for premature exercise is satisfied, it is assumed the probability that 

the underlying stock price will exceed the critical price within the 

option period is very close to one. With respect to the firms in this 

sample, this assumption is warranted because the sufficient condition 

is not satisfied, if at all, until the three month period prior to ex-

piration. 
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To check for the possibility of premature exercise, it is as­

sumed the amount of the cash dividend is known with certainty and that 

it is constant throughout the option period. The quarterly cash divi­

dend distributions of each firm during the calendar year 1979 were used 

in the calculation. Letting T equal the number of quarters to the ex­

piration date and beginning with the last quarter before expiration, 

(T-1), the quantities given above were calculated. This inequality was 

satisfied for only eleven firms in the sample,and not until the last 

quarter before the expiration of the stock option. This means that a 

finite critical stock price exists for these firms, above.which prema­

ture exercise is ~ssured just prior to the ex-dividend date in the final 

quarter. For these eleven firms, the expiration dates of options were 

assumed to be the last ex-dividend dates before the actual expiration 

dates. This modification does not significantly affect the estimated 

values of these option grants,and accordingly, does not have an impact 

on the materiality of compensation implied in stock options. 

Using the Black-Scholes model, values pertaining to options 

granted during 1978 were estimated for each firm. The model provides a 

value for each option granted, and this result is multiplied by the num­

ber of options in the grant giving an estimate of option-related compen­

sation for 1978. This result is divided by income from continuing 

operations for 1978 to form a compensation index, and all indices are 

multiplied by 100 to obtain percentages. The resulting percentages are 

compared with certain materiality thresholds to provide ..evidence regard­

ing the materiality of nonqualified option grants. 
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Extending the above numerical example, suppose that this hypo-· 

thetical firm granted 20,000 options during 1978 having the attributes 

provided above. The B-S model estimate is approximately $20.18 per op­

tion. Multiplication of this value by 20,000 yields a total compensa­

tion estimate of $403,360. Assuming that the firm reports income from 

continuing operations of $10,000,000 for 1978, the compensation index is 

4.036 percent. The reader should note that (1) the entire compensation 

estimate is assumed to be expensed in the year of the grant_; and. (2) 

since the spread is zero on the grant date, the entire B-S prediction 

represents the incremental compensation estimate. In cases of a posi­

tive spread on the grant date, the B-S estimate would have to be adjusted 

for the recorded compensation. 

The materiality of this compensation is dependent on the partic­

ular threshold acceptable to the reader. For example, a five percent 

threshold implies that option-related compensation is immaterial, and 

alternatively, a three percent threshold suggests that the compensation 

implied by the grant is material. 

Following the procedures illustrated in the above numerical ex­

ample, an option-related compensation index was formed for each firm in 

the sample. These indices were compared with assumed materiality thres­

holds of three, five, and-ten percent. The three percent threshold was 

selected since it is the definition of material dilution in earnings per 

share calculations. The five percent threshold was selected owing to the 
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evidence presented in Patillo (1975).
2 

The ten percent criterion was 

applied in the Foster (1974) study. Furthermore, the evidence from the 

Patillo study indicates that all accountants and financial analysts con-

sider this magnitude to be material. 

For the purpose of the Hewlett Packard program, the time to ex-

piration had to be expressed in days. B-S estimates were obtained for 

two assumptions regarding the number of days to expiration: (1) there 

are 360 days per year, and (2) there are 250 trading days per year. The 

second assumption is arbitrary, but it provides some evidence regarding 

3 the sensitivity of the estimates to specification problems. The results 

are set.forth in Table 9. This table shows the number of firms for 

which compensation is material under each set of assumptions. 

Firms were grouped by size, large and small, and by the first 

digit of the Standard Industry Classification (SIC)· ~odes, 0 through 9. 

Small firms are defined as those for which net sales are less than 600 

million dollars,and large firms are defined as those for which net sales 

equal or exceed this amount. Almost half of the firms in the sample are 

classified as "large" as a result of this arbitrary dichotomization. 

2. This study indicated that accountants and financial analysts 
judge items that are between five and six percent of income as material. 
These percentages are larger for firms disclosing a net loss. Patillo 
also notes that preparers of financial statements tend to have lower 
materiality thresholds than users, and that the threshold depends on 
the nature of the item. 

3. In all of the Black-Scholes model applications, the time to 
expiration was defined in terms of the number of calendar days rather 
than the number of trading days. Thus the 360-day-per-year compensation 
estimates are subjected to the forthcoming statistical analyses. 
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Table 9 

Materiality of Option-Related Compensation 

Materiality Threshold 

B-S Estimates 3% 5% 10% 

250 days per year 65 (38%) 47 (28%) 26 (15%) 

360 days per year 81 (48%) 53 (31%) 28 (16%) 

The percentages indicate the proportion of the sample for 
which option values are material 

First Digit 

Table 10 

Number of Firms in Cells Determined by 
Size Dichotomy and SIC Code Classification 

of SIC Code: 0 1 2 3 4 5 6 7 8 

Size: 

Large 1 2 19 28 8 11 7 3 0 

Small 0 6 23 40 6 8 5 2 2 

Total 1 8 42 68 14 19 12 5 2 

Total 

79 

92 

171 

186 
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Using the first digit of the SIC code to define groups produced sub­

stantially unequal cell sizes. Table 10 shows the results of this de­

sign. 

Using the materiality criteria disclosed above, the number of 

firms for which option grants during 1978 were material was determined 

for each cell. The results are set forth in Table 11. 

For the large firms, 39 percent, 18 percent, and 6 percent are 

the proportions representing material option-related compensation under 

the three, five, and ten percent materiality thresholds, respectively. 

These proportions are 55 percent, 42 percent, and 25 percent for small 

firms. Inspection of Table 11 in conjunction with the aforementioned 

percentages might lead the discerning reader to expect that the type of 

industry and the size of the firm are associated with the magnitude of 

the option compensation index. This observation is pursued further be­

low. 

Work on a positive theory of accounting has been initiated by 

Watts and Zimmerman (1978). Essentially this theory proposes that the 

accounting procedures selected by the firm are systematically associated 

~ith other attributes of the firm and/or industry in which it operates. 

The studies of Hagerman and Zmijewski (1979), Dhaliwal (1980), Zmijewski 

and Hagerman (1981), and Bowen, Lacey, and Noreen (1981) present addi­

tional evidence to support such an association. These studies are con­

cerned with characteristics of the firm and its selection of accounting 

methods in the context of whether the preferred procedures maximize or 

minimize reported income. 



Table 11 

Material Option Grants by Cell from 
B-S Estimates A~suming 360 Days per Year 

SIC Code 

Large Firms 

0 

1 

2 

3 

4 

5 

6 

7 

8 

Small Firms 

0 

1 

2 

3 

4 

5 

6 

7 

8 

Materiality Threshold 

3% 

1 (100%) 

1 50%) 

5 26%) 

11 39%) 

1 13,) 

7 ( 64%) 

2 29%) 

3 (100%) 

0 

0 

1 

5% 

0%) 

0%) 

5%) 

6 21%) 

0 0%) 

5 45%) 

1 14%) 

3 (100%) 

No observations available 

No observations available 

2 33%) 2 33%) 

14 61%) 10 43%) 

22 55%) 18 45%) 

2 33%) 1 17%) 

4 50%) 2 25%) 

3 60%) 2 40%) 

2 (100%) 2 (100%) 

2 (100%) 2 (100%) 

10% 

0 0%) 

0 0%) 

1 5%) 

4 (14%) 

0 0%) 

0 0%) 

0 0%) 

0 0%) · 

1 (17%) 

8 (35%) 

9 (23%) 

0 ( 0%) 

2 (25%) 

1 (20%) 

1 (50%) 

1 (50%) 

The percentages indicate the proportion of each cell for 
which option grants are material. 

188 



] 
'! 
:1 
I 

189 

The authors o~ these studies hypothesize that substantive, or 

economic, differences in firms, or the industries in which they operate, 

motivate their managers to select different accounting alternatives to 

record and report the effects of essentially identical economic events. 

Watts and Zimmerman (1978), for example, suggest that large enterprises 

are subject to extensive political, lobbying, and regulatory costs; and 

to minimize such costs, the managers of these firms, given a choice, 

will select income reducing accounting methods. Dhaliwal (1980) argues 

that managers of highly leveraged firms select income increasing methods 

to minimize the expected costs of technical default. 

The accounting alternatives to record and report identical eco-

nomic events represent decision variables in a cost minimization context. 

The authors of the studies cited above recognize that the elimination of 

currently available alternatives for a given economic event will precip-

itate ineffeciencies for certain enterprises. In the context of this 

study, reduction of accounting alternatives for stock option grants and 

the prescription of a market model to estimate implied compensation 

therein, may produce varying incremental costs for granter firms, depen-

ding on the characteristics of the industry in which the these firms 

operate. 

There may be an economic rationale to warrant the availability 

of accounting alternatives for grants of stock options. Inspection of 

the footnote disclosures of the approximately 1,000 firms granting op-

tions during 1978 revealed a substantial lack of uniformity regarding 

format and details of the grants, despite the prescriptions of the SEC. 

In this context, systematic association between the magnitudes of indices 
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and the industries in which these firms operate is indicative of substan-

tive differences between industries along the dimensions implied by the 

composition of remuneration packages. In other words, the characteris-

tics of the firms and/or the industries in which they operate dictate, 

in part, the composition executive employment contracts. A change in 

the accounting prescription for stock.option grants may alter the trade-

offs between the direct and indirect costs of information production and 

dissemination and the costs of moral hazard. Hence, firms may revise 

the employment contracts.of their key employees; the costs associated 

with these alterations as well as the potential for incremental moral 

hazard costs represent inefficiencies that, otherwise, would not exist. 

Statistical Analyses of the Results 

Statistical analysis is not appropriate for this data because 

the implementation of the exclusion criteria results in a non-random 

sample. Therefore, the results of the analysis described in this section 

must be interpreted circumspectly. However, Foster and Vickrey (1978, 

p. 363) note that statistical analysis of non-random samples is not un-

common. They suggest that two possible interpretations with respect to 
. . 

such analyses are possible. Either the sample is sufficiently large to 

constitute an interesting population of firms in its own right, or the 

sample is a random selection from an undefined population of firms. 

Since there are a small number of firms in some cells, the latter in-

terpretation is suggested. 

The objective of the analysis is to investigate the association 

of two fa~tors, size of the firm and its industry classification, with 
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the magnitude of compensation indices. The linear regression model with 

indicator variables representing factor levels can be used to test for 

factor effects in unbalanced designs such as this one. However, a vari­

ety of two-factor designs were considered. Two-factor analysis of var­

iance is precluded because of the unbalanced nature of the study design. 

Defining .each cell as .the proportion of firms for which implicit compen­

sation.is material produces a design suitable for a two-way analysis of 

variance with no replications, but this is not appropriate when the cell 

sizes underlying the proportions are unequal. Analysis of covariance is 

suitable despite the unbalanced design. However, one must assume that 

one of the factors, firm size for example, is not interesting in its own 

right, but controlling for this variable will improve the sensitivity of 

the experiment with respect to the other factor, industry class. The 

researcher must verify that there is a linear association between the 

size of the firm and the dependent variable. Otherwise, this experiment 

will not offer additional sensitivity and a single factor analysis of 

variance would work just as well. 

The linear regression model with indicator variables for a 

two-factor experiment is_ 

yijk =yo+ ylxijkl + y2Xijk2 + y3Xijk3 + y4Xijk4 + YsXijkS 

+ y6xijklxijk2 + y7xijklxijk3 + YaXijklxijk4 

+ y9Xijk1Xijk5 + Eijk 

(4) 

where i denotes firm size, large or small, i = 1, 2; j denotes industry 

class, j = 1, 2, ••• , 5; and k denotes the observation, k = 1, 2 •• , n. 

The independent indicator variables are defined as follows: 
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xl 
1 if the observation is for a large firm = 0 otherwise 

1 if the observation is for a firm for which the first-digit 
x2 = SIC code is 2 

0 otherwise 

1 if the observation is for a firm.for which the first-digit 
x3 = SIC code is 3 

0 otherwise 

1 if the observation is for a firm for which the first-digit 
x4 = SIC code is 4 

0 otherwise 

1 if the observation is for a firm for which the first-digit 
X = SIC code is 5 

5 0 otherwise 

The cross-product terms represent interaction variables, ·and the Eijk 

variable is an error term. The Xijkl' for example, is the value of x1 

for the kth observation when firm size (factor A) is at the ith level 

and the first-digit SIC code (factor B) is at the jth level, and simi-

larly for the other variables. The reader should note that j = 1 through 

5 corresponds to first-digit SIC codes of 2 through 6, respectively. 

There are only five indicator variables because the first-digit SIC 

codes, O, 1, 7, and 8 had to be dropped owing to the small number 

of observations in these classes. This leaves 73 large firms and 82 

small firms, giving a total of 155 firms. 4 

Several assumptions underly the use of this model to detect sig-

nificant factor A and factor B effects: (1) The observations in each 

4. It should be noted that the deleted firms could have been 
grouped into a category known as "other.industries", resulting in ob­
servations for 6 large firms and io small firms. However, this would 
require the combination of four SIC categories which, in the writer's 
opinion, would not improve the analysis. 
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cell come from normally distributed populations; (2) the population 

variances are equal; (3) the error terms are independent; and (4) the 

interaction terms can be deleted, simplifying the model, if significant 

interactions do not exist. Since the independent variables are quali­

tative, no assumption with respect to the nature of the statistical 

relationship (linear or non-linear) with the dependent variable is nec­

essary. 

To assess the degree of confirmity to these assumptions, three 

statistical tests were conducted. First, each compensation index was 

transformed to its natural logarithm in order to insure a synunetrical 

distribution. Prior to this transformation, the distribution of indices 

was truncated at zero. Since the natural log of an index for which the 

value is less than one is negative, this transformation mitigates trun­

cation-related problems. In addition, the transformed data are more 

likely to satisfy the homoscedasticity (equal variance) assumption. 

The Kolmogorov-Srnirnov test was used to assess the likelihood 

that the sample observations were selected from normally distributed 

populations. This test was conducted on each cell, and the test statis­

tics were well within the bounds established by the tabulated critical 

values. Therefore, the null hypothesis that the sample values were 

selected from normally distributed populations could not be rejected. 

The Tukey test for additivity was employed to determine if firm 

size was interacting with industry classification. Under the null hypo­

thesis that interactions are not present, the Tukey test statistic has 

an F distribution. Assuming a three percent materiality threshold, the 

value of this test statistic is .9439 for this data set. This is 
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substantially less than the critical value at the 0.10 alpha level. 

Thus it is concluded that interactions are unimportant, and the coef-

ficients of the interaction terms in equation (4) are assumed to have 

coefficients close to zero. Consequently, these cross-product terms 

were deleted from the model. 

The regression model which incorporates the effects of firm size 

and industry type on option compensation now is, 

where Y. "k is the natural logarithm of the compensation index for the 
J.J 

kth firm in the ith level of factor A and the jth level of factor B. 

The other variables have the same definitions as those provided for 

equation (4). Firms for which the first digit SIC code is O, 1, 7, or 

8 were excluded from the sample for the purposes of the following sta-

tistical tests because of the small number of observations in these 

catagories. 

Equation (5) is known as the "full" model because it includes 

independent variables representing all of the factors which are hypo-

thesized to affect the magnitude of the option compensati?n index. In 

order to test the hypotheses regarding factor A and factor B main ef-

fects, two "reduced" models, one with the firm size factor omitted and 

the other with the industry classification factor omitted, had to be 

developed. 

The reduced models reflect the statistical relationships that 

hold under the null hypotheses of no factor effects. Alternatively, 

the full model represents the systematic association which is presumed 
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to exist under the alternative hypothesis that firm size and/or indus-

try classification has an impact on the magnitude of the compensation 

index. 

The null hypothesis with respect to the effects of firm size is 

that no systematic association between firm size and the magnitude of 

the compensation index is present. In terms of equation (5), this hypo-

thesis is: 

H - y = O. null l 

The reduced model which represents the statistical relationship under 

this hypothesis is, 

y =Yo+ y2X2 + Y3X3 + Y4X4 + Y5X5 + E 
I 

(6) 

All the variables have the same definitions as those provided above. 

The i, j, and k subscripts have been omitted to simplify the equation; 

however, no meaning is lost. 

The procedure followed to test this hypothesis involves the 

calculation of the error sum of squares given the full model [SSE(F)] 

and the error sum of squares given the reduced model [SSE(R)]. Under 

the null hypothesis, the full model does not have any significantly 

greater explanatory power than the reduced model. In other words, par-

titioning the data set according to firm size does not substantially 

reduce the error sum of squares. Hence, the following relationship 

holds, 

SSE(F) < SSE(R). 



Under the null hypothesis, the quantity 

[SSE(R) - SSE(F)]/(dfr - dff) 

SSE(F)/dff 
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has an F distribution, where df is the degrees of freedom for the re­
r 

duced model and dff is the degrees of freedom for the full model. 

SSE(R) and SSE(F) were calculated and the statistic given above 

was formulated, resulting in a value of 45.2886 •. Since the critical val-

ue of F, with 1 degree of freedom in the numerator and 149 degrees of 

freedom in the denominator, for a 0.01 alpha level is approximately 8.1, 

the null hypothesis was rejected, Therefore, the factor A effect, firm 

size, is systematically associated wifh the magnitude of the compensation 

index. An explanation of this result is provided below. 

This result may seem counter intuitive because the diffusion of 

ownership and control is greater in large organizations, engendering more 

agency costs. Assuming that stock options function to reduce the inci-

dence of dysfunctional behavior, one might expect the magnitude of the 

compensation index to increase with the size of the firm. Even though 

larger firms typically grant more options than smaller firms, these op-

tiori grants apparently are not sufficiently greater to offset the.larger 

magnitudes of operating income. In other words, the division of the com-

pensation estimate by income from continuing operations, in effect, pro-

duces a control for the size of the firm. Another factor which may have 

contributed to this result is the lower volatilities pertaining to the 

optioned snares of larger firms. Stock options which are granted at-the-

money will have estimated values that are quite sensitive to the magni-

tude to the variance rate of the underlying security. 
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The null hypothesis of no systematic association between the 

industry classification, as denoted by the first-digit SIC code, and the 

size of compensation indices can be expressed as, 

The reduced model which represents the statistical relationship given in 

this hypothesis is, 

y = (7) 

The error sum of squares, SSE(R), under this formulation was cal-

culated, and the statistic, 

[SSE(R) - SSE(F)]/(dfr - dff) 

SSE(F)/dff 

was computed, resulting in a value of 2.6417. Under the null hypothesis, 

this statistic is distributed as F with 4 degrees of freedom in the nu-

merator and 149 degrees of freedom in the denominator. For an alpha lev-

el of 0.05, the critical value of Fis approxima~ely 2.42; and the null 

hypothesis is rejected. However, the critical value of Fat the 0.01 

level of. alpha is approximately 3.43, and the null hypothesis cannot be 

-rejected. Thus, the test statistic indicates some association, but the 

results are not compelling. Table 12 is a summary of these statistical 

tests. 

Since the transformed data conform to the normality assumption, 

a series of statistical tests can be conducted which offer additional 

evidence regarding the materiality of compensation indices. Specifically, 

one can test the cell means for statistical significance. A significant 

mean implies that, on average, the compensation estimates generated by 

the Black and Scholes formula are material in that particular cell. 



Null 
Hypothesis 

Firm size 

Decision: 

Industry 

Decision: 

Table 12 

Summary of Statistical Tests for Firm 
Size and Industry Effects 

Test 
SSE(R) df SSE(F) df Statistic 

407.60 150 312.59 149 45.29 

Reject the null hypothesis 

334.76 153 312.59 149 2.64 

F0.05 

3.90 

2.42 

Reject the null hypothesis at the 0.05 level, and 
to reject at the 0.01 level 
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F0.01 

6.80 

3.43 

fail 

The logarithmic transformations of each cell are assumed to be 

from a normally distributed population having a mean of zero and an un-

known standard deviation. Thus, the null hypothesis is that the mean of 

cell defined by the ith firm size Ci= 1, 2) and the jth first-digit SIC 

code (j = 1, 2, ., 5) is zero. Since only significant understate-

ments of compensation expense are of interest, the alternative hypoth-

esis is that the mean of each cell is greater than zero. Formally, 

Hnull - µij = 0 

H - µ,. > 0 
1] alt. 

whereµ,. denotes the population mean of the cell corresponding to the 
1] 

ith firm size and the jth first-digit SIC code. 

The test statistic 

CY . . - o > I sy- , i = 1 , 2 ; j = 1 , 2 , 3 , 4 , & 5 , 
1] .. 

1] 

has a Student's t distribution with (n .. - 1) degrees of freedom if the 
1] 

null hypothesis holds. Where n .. is the number of observations in 
1J 



cell ij; Y,. is the mean of the sample observations in cell ij; and 
l.J -

J:ij - 2. 
sy- = krl [(Y. 'k - Y .. ) /(n .. - 1))/n .. , k = 1, 2, ••• , n .. 

ij = l.J l.J l.J . l.J l.J • 
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This test statistic was calculated for each cell having at least five ob-

servations, and the result was compared with the critical values oft 

given alpha levels of 0.01 and 0.05. The results of these tests are set 

forth in Table 13. 

The results displayed in this t~le indicate statistical signif-

cance, at the 0·.05 level, of B-S estimates of implied compensation for 

large firms in the manufacturing and retail industries, and for small 

firms in manufacturing, retail, ·and banking-finance industries. At the 

0.01 level of significance, implied compensation did not have a signifi-

cant impact on income in the retail and banking-finance sectors. In this 

context, the reader should observe that i 2~ and ¥25 are greater than those 

values of Y .. that are significant at the 0.01 level. A cursory inspec­
l.J 

tion of Table 13 will reveal that these results are, at least in part, 

due to the relatively small number of degrees of freedom in these cells. 

Had these cells contained a larger number of observations, the statisti-

cal results might have differed. 

Notably, the estimates of.implied compensation in option grants 

did not have a significant impact on income in the transportation and 

utilities sector. Firms in these categories are subjected to a relatively 

large number regulations, presumably restr·Lcting the latitude of manage-

rial decision making. Such restrictions are equivalent to·having the 

results of managerial effort, as manifested in the price of the firm's 

optioned shares, be mostly dependent on a random state variable. This 



Cell (ij)a 

11 

12 

13 

14 

15 

21 

22 

23 

24 

25 

a. 1 J = , 2, . . 
bSignificant at 

Table 13 

Statistical Tests for Significance 
of Cell Means 

Test 
Statistic 

Critical Values 
oft -

Y .. 
l.J 

-0.0029 

0.8803 

-0.1070 

1.2185 

0.3483 

1.2125 

1.3689 

0.2507 

1.7952 

1.4227 

s-
Y •. 

-2:]_ 

0.3708 

0.2354 

0.4648 

0.2469 

0.3416 

0.3812 

0.2178 

0.6419 

0.7113 

0.6083 

. , 5 = SIC code 2, 

-0.0077 

3.7402b 

-0.2303 

4.9345b 

1.0196 

3.1806b 

6.2851b 

0.3905 

2.5238c 

2.3388c 

df 

18 1. 734 

27 1.703 

7 1.895 

10 1.812 

6 1.943 

22 1. 717 

39 1.689 

5 2.015 

7 1.895 

4 2.132 

3, ••• , 6, respectively 

the 0.01 alpha level 

2.552 

2.473 

2.998 

2.764 

3.143 

2.508 

2.427 

3.365 

2.998 

3.747 

cSignificant at the 0.05 alpha level 
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may render stock options ineffective as incentive devices in these indus­

tries, and thus explains the small number of stock option plans in these 

sectors. Such a conclusion, however, is tentative until other potential 

contributing factors have been enumerated and investigated. 

Limitations 

There are some uncontrollable factors that could affect the re­

sults reported in this chapter. Foremost among them was the inability 

to discern nonqualified from qualified options when firms granted both 

types during 1978. Due to this lack of disclosure, 234 firms were ex­

cluded from the sample. Moreover, appreciation rights frequently were 

included in stock option grants, but most firms failed to disclose the 

number of SARs granted during the year and the related compensation ex­

pense recorded at the balance sheet date. This resulted in the exclu­

sion of an additional 189 firms. Had all the aforementioned finns been 

included in this study, the results reported herein could have differed 

markedly. 

The Black and Scholes estimate of the value of an at-the-money 

option is relatively sensitive to the specification of the variance rate, 

and the magnitude of the variance: estimated from post-grant-date security 

return data could be dependent on the precise specification of the grant 

date. Only four percent of the firms in this study disclosed grant 

dates; for the remaining firms, grants were assumed arbitrarily to occur 

at the midpoint of the firm's fiscal year. Variance rate calculations 

for firms that did disclose multiple grant dates do not indicate that 

the magnitude of this estimate is critically dependent on the exact date 
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of grant. Nevertheless, the arbitrary assumption of grant dates may 

have contributed to distortion in the estimates of implied compensation. 

The Black-Scholes model represents the market pricing process 

for call options. The activity in the call option market has no rela­

tionship to or impact on a firm's capital structure. In other words, 

the exercise of a call option on a particular firm's conunon stock does 

not change the number of its shares that are outstanding. Trading in 

call options and their underlying securities is between investors. The 

enterprise is not a party to the exchange. Merton (1983, p. 142) refers 

to this as the "incipient assumption of zero aggregate supply.'.'. It 

means that the distribution of returns on the underlying security is 

independent of the activity in the call option market. On the other 

hand, stock option activity occurs between the firm and its key employees. 

When the firm grants stock options, this produces a positive aggregate 

supply of these securities. When these options are exercised, the a­

mount of the firm's common shares outstanding increases and the execu­

tive acquires these shares at a pric~ lower than their market price on 

the exercise date. This suggests the possibility of dilution of the 

firm's equity with an attendant reduction in the market price of its 

optioned stock. Therefore, the distribution of returns on the optioned 

stock may not be independent of activity regarding executive stock op­

tions. The B-S formula was not modified for this "nonincipient" case. 

This may produce a moderately upward bias in compensation estimates. 

However, the writer does not believe that potential dilution exists 

because the executive contributes not only cash, but also services 
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for the common shares received at the exercise date. The value of these 

services should become manifest in the market price of the optioned 

5 shares. 

In a related vein, Smith-Zimmerman (1976, p. 362) argue that 

stock option compensation estimates should be modified to reflect the 

executive's overexposure to nondiversifiable risk. These underdiversi­

fication costs are ignored.
6 

Instead, the perspective of the granting 

firm is taken wherein option grants are considered a transfer of prop-

erty having an associated opportunity cost. Such cost is the value of 

the second best alternative, which is the sale of a marketable call op-

tion with characteristics identical to the stock options granted to the 

executive. 

As indicated above, the implementation of exclusion criteria in 

the sample selection process resulted in a non-random sample. The reader 

5. Weygandt (1977, p. 47) makes the same assertion. In the event 
of exercise, the employee is investing cash and services for the firm's 
common stock. Thus, dilution does not ocqµr. 

Noreen (1977, p. 149) suggests that B-S estimates be inflated by 
the quantity N/(N + n), where N is the number of common shares outstand­
ing and n is the number of common shares under option as a result of a 
grant. Given that this adjustment is appropriate, it is unlikely it 
would have an appreciable effect on the results of this study. 

6. In a footnote, Weygandt (1977, p. 41) cites a study conducted 
for the Investment Bankers Association which provided evidence that the 
beneficial rights under nontransferable securities can be sold. He 
states that the market has provisions for trading these rights under 
any circumstances, but he does not elaborate on this point. This sup-.. 
ports the position taken in this thesis, that stock option values do not 
have to be modified for underdiversification costs. However, it raises 
questions regarding the function of stock options in the control of 
dysfunctional behavior (see Chapter 2). This study also found that the 
nontransferability feature had little effect on the valuation of eighty­
seven warrants. 
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should be heedfully observant of this when interpreting the results of 

the statistical analysis in this chapter. Any inferences resulting 

from the analyses reported herein should be made circumspectly. In 

addition~ two sets of statistical analyses were conducted on the same 

set of data. Viewed collectively, this increases the alpha levels above 

those reported for the tests. 



CHAPTER 6 

CONCLUSION 

This chapter presents an overview of the study, a summary of the 

results, and implications for further research. It is divided into 

three sections. The first section sets forth the objectives of the study 

and reviews the methodology. The results are recapitulated in the sec­

ond section, and the conclusions of the study are discussed. The third 

section considers the implications of the study and suggestions for ad­

ditional investigation. 

Objectives and Methodology 

Recall that most firms set the exercise price of granted options 

equal to the market price of the underlying stock on the grant date. 

Following the prescriptions of APB Opinion No. 25, the compensation im­

plied in such grants is never recorded. When there is a positive spread 

on the date of grant, the recorded compensation is less than the amount 

justified by the lower boundarJ for a rationally priced marketable war­

rant or call option. 

Beaver (1981) summarizes the research directed to the efficient 

markets hypothesis. He concludes that markets are indeed efficient. In 

this regard, Beaver (1981) also concludes that income numbers generated 

by the accounting process affect equilibrium security prices. Therefore, 

disclosure of implied stock option compensation estimates produced by a 

205 
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formula such as the B-S option pricing model may affect security prices 

through their effect on reported income, particularly when the magnitude 

of such estimates is material. Security prices impact the allocation of 

resources in the economy. Through this linkage, stock option compensa­

tion estimates could impact the allocation of resources, especially when 

these estimates materially alter reported income. While it cannot be 

stated that revised stock option disclosure will produce societal bene­

fits, this writer believes that the first step in the resolution of the 

accounting issue is the presentation of evidence regarding the material­

ity of compensation estimates when an acceptable market model is employed. 

Thus, the objective of this study is to estimate the compensation impli­

cit in executive stock option grants using the B-S model to determine 

whether such estimates have a significant impact on income from contin­

uing operations. Study results suggesting that option grants are pre­

dominantly material is evidence supporting a re-examination of this 

accounting issue by the Financial Accounting Standards Board. 

The approach taken to achieve such an objective consists of 

several steps: 

(1) Since the valuation of stock options on the date of grant vio­

lates historical cost principles, it is argued that such a 

procedure is not inconsistent with other currently acceptable 

accounting·methods. A theory is discussed which underlies 

contract valuation at the entry date; this theory is the 

rationale for the use of a market model to estimate the value 

of stock options. 
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(2) The compensation, economics, finance, and accounting literature 

is reviewed to summarize the proposals regarding (a) develop­

mental trends in option-related compensation, (b) the effect 

that options have on managerial behavior and incentives, (c) 

the valuation of marketable warrants and options, and (d) the 

accounting recommendations for stock option recognition. 

(3) The theory underlying the valuation of marketable call options 

is explained in detail. The Black and Scholes option pricing 

model is introduced and developed. 

(4) Issues regarding the application of the B-S formula are dis­

cussed, and arguments for using the model to estimate implicit 

stock option compensation are presented. 

(5) The unaltered version of the formula is employed to value stock 

option grants for the year 1978. The amount of incremental, 

unrecorded compensation is determined by comparing values ob­

tained from the, application of the formula with the amount of 

compensation recorded, if any. This result is the basis for a 

compensation index, which is formed by dividing the incremental 

compensation by inc:ome from continuing operations. These indi­

ces are grouped according to a 'dichotomy of large and small 

firms and also according to the first digit, of the SIC code. 

Such a grouping forms a two factor experimental design. The 

calculated indices are compared with assumed materiality 

thresholds of three, five, and ten percent. This allows the 

reader to judge the significance of implied option compensation 

for each industry classification, and according to the size 
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dichotomy. 

(6) To acconunodate the reader who is willing to make statistical 

inferences from a nonrandom sample, a liner regression model 

is used to assess the systematic association between the mag­

nitude of the compensation.index, the size dichotomy, and in­

dustry classification. 

The implied compensation estimates are not allocated over the 

period of time that option-related services are provided. This decision 

is predicated on several matters: (1) there is no compelling rationale 

underlying an allocation scheme in this context; (2) many firms failed 

to disclose sufficient detail regarding vesting or service periods and 

the fraction of options gr~nted becoming exercisable each year subse­

quent to the date of grant; (3) an inspection of annual reports revealed 

that firms granting stock options do so on a relatively uniform basis 

year after year. Hence allocating implied compensation cost for 1978 

option grants over, for example the service period, would understate the 

implied compensation for 1978 unless the compensation from grants of 

prior periods were also allocated. Only the values pertaining to 1978 

o~tion grants were estimated, and the writer believes that the study re­

sults would be distorted if an allocation procedure were followed. The 

following section sununarizes the results and presents the conclusions 

of this study. 

Results and Conclusions 

Depending on the materiality threshold of the reader, the B-S 

formula produced stock option compensation estimates which are significant 
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in the income context for only a limited number of firms. This obser­

vation particularly applies to the larger firms in the sample and also 

to firms in the transportation and utility sector, irrespective of size. 

In general, compensation estimates are not significant in these areas. 

However, at least a significant minority of firms in the manufacturing, 

retail, and banking and finance sectors granted options resulting in 

significant compensation estimates. 

The results of the study are dependent on the reader's materi~ 

ality threshold and what constitutes a significant percentage in a given 

category. For example, when one considers three percent of income from 

continuing operations to be material, the only sector in which stock 

option accounting does not represent a significant issue is transporta­

tion and uilities. Irrespective of firm size, at least twenty-five per­

cent of the firms in each sector granted options for which implied 

compensation estimates are material. In the small firm category, option 

grants are material in at least half of the cases for firms in the manu­

facturing, banking and finance, and retail sectors 

To add perspectiv~ to the results disclosed in Chapter 5, Table 

14 represents a ranking of industry ·classes according to the materiality 

of estimated compensation. To help determine the consistency of the 

rankings across materiality thresholds, a ranking is provided for each 

assumed level of materiality. In addition an overall ranking is pro­

vided. As this table shows, the estimated value of option grants is 

relatively larger in the retail and manufacturing sectors for both 

large and small firms. The large firms in the manufacturing sectors 

occupy the first and second positions when a ten percent threshold is 
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Table 14 

Rank Ordering of Industry Classes According 
to Proportion of Firms Having Material Compensation 

First Digit Ranka t-
SIC Code 3% 5% 10% Overall b Test 

Large Firms: 

0 1 6 3 4 NA 

1 3 6 3 5 NA 

2 6 5 2 6 NS 

3 4 3 1 3 0.01 

4 7 6 3 7 NS 

5 2 2 3 2 0.01 

6 5 4 3 5 NS 

7 1 .1 3 1 NA 

8 No observations 

Small Firms: 

0 No observations 

1 6 5 6 6 NA 

2 2 3 3 2 0.01 

3 4 2 4 3 0.01 

4 6 7 7 7 NS 

5 5 6 3 5 o.os 
6 3 4 5 4 o.os 
7 1 1 1 1 NA 

8 1 1 l 1 NA 

al - the highest rank; the number of ranks vary because of ties. 

bNA - no test conducted due to small number of observations 
NS - not statistically significant 
o.os - statistically significant at the 0.05 alpha level 
O.Ol = statistically significant at the 0.01 alpha level 
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assumed. However, these categories occupy the third and sixth positions 

in the overall ranking. The discrepancy is due to the inconsistency of 

ranks across materiality thresholds •. 

The statistical tests suggest systematic association between the 

size of the firm and the magnitude of the compensation index. However, 

the relationship indicated is opposite the one expected if options are a 

vehicle for reducing the costs of moral hazard. The diffusion of owner­

ship and control is greater in large organizations; hence, one would 

expe_ct relatively larger compensation indices for the large firm cate­

gory. But, the results indicate that indices are relatively larger for 

smaller firms. This result is probably due to the division of the in­

cremental compensation index by income from continuing operations. The 

B-S estimate of stock option compensation would have to increase by a 

percentage much greater than the percentage increase in income for the 

magnitude of the compensation index to vary positively with the size of 

the firm. 

The statistical analysis also indicates some association between 

the magnitude of compensation indices and the type of industry in which 

the enterprise operates. The writer believes this result is due to the 

lack of stock option grants in the transportation and utilities sector 

in contrast to the large percentages of material grants in other sectors. 

The evidence reviewed in Chapter 2 suggests that options induce execu­

tives to exert additional effort and to expand their planning horizons. 

In this regard, options are probably less effective in highly regulated 

industries such as the utilities. In this sector, executive effort may 

have a lesser impact on the welfare of the enterprise. 
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The statistical analyses reported herein should be interpreted 

with an awareness of the self selection phenonemon that may have operated 

as the sample of firms was developed. Specifically, firms were excluded 

from the sample for the following reasons: (1) the firm.did not have a 

stock option plan, or stock options were not granted during 1978; (2) op­

tion grants included stock appreciation rights; (3) the option grant in­

cluded both qualified and nonqualified options, but it was impossible to 

discern the exact number of nonqualified options granted; and (4) the 

firm failed to disclose the value Cs) of · the parameter (s) , : or the.: infor­

mation from which such value(s) could be estimated, required.for the B-S 

formula. Omission of these firms may have had a substantial impact on 

the results of this study. For example, firms granting large quantities 

of stock options may be more meticulous about the details prese~ted in 

the footnotes to the financial statements. Under criteria (3) and (4), 

this increases the probability that such firms are selected for the sam­

ple, and their inclusion will generate an upward bias in both the corn-· 

pensation indices and the proportion of firms in each cell for which 

option grants are material. 

After examining the results of this study, the writer has formed 

the following conclusion. Stock option grants are sufficiently material 

to warrant a re-examination of the accounting procedures by the Financial 

Accounting Standards Board. This conclusion is predicated on the magni­

tude of the implied compensation estimates resulting from the applica­

tion of the B-S formula~ The popularity·of stock options probably will 

be sustained by the preferential tax treatment accorded to them under 

the Economic Recvery Act of 1981. Perhaps options will become an even 
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more significant part of the compensation arrangement; and therefore, 

the issues of their valuation and accounting recognition will have great­

er significance. 

Irrespective of the evidence disclosed in this study, the author 

does not believe there is a rationale to support the disparity in the 

accounting treatments for options granted under variable and fixed plans. 

Since grants under these plans have similar economic consequences for 

the enterprise, their accounting treatment also should be similar. Uti­

lization of the B-S formula to estimate the costs implied in grants un­

der both fixed and variable plans will produce consistency in accounting 

treatment; and simulataneously, it will eliminate the potential for vari­

ability in the compensation expense recorded for options granted pursu­

ant to a variable plan. 

Most research produces almost as many issues as·it resolves, and 

this study is not an exception. In this context, the following section 

suggests extensions of this study and necessity of additional research. 

Extensions 

The significance of compensation implied in grants·of executive 

stock options may justify a re-examination of the current accounting 

procedures, but it fails to suggest which accounting alternatives are 

more desirable. Such a normative prescription can only result from addi­

tional investigation. In this regard, evidence pertaining to the in­

formation requirements of those individuals using financial statement 

data is necessary. These investigations could range anywhere from sur­

veys to price behavior studies. The purpose of these studies is to 
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information set desired by capital market agents. 
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Beaver (1973, p. 53) argues that resources should be directed to 

the lowest cost alternative for the dissemination of financial data to 

investors and other interested parties. He makes this recoITUI1endation 

assuming that there are several alternatives for the disclosure of infor­

mation regarding the activities of the enterprise. Watts and Zimmerman 

(1978), Hagerman and Zmijewski (1979), Dhaliwal (1980), Bowen et al 

(1981), Zmijewski and Hagerman (1981), and Dhaliwal et al (1982) hypoth­

esize that firms prefer the accounting alternative with the lowest total 

cost. In.addition to the direct costs of production and dissemination, 

examples are the costs of technical default, political and lobbying ex­

p~nditures, costs of revising debt covenants, and the impact that man­

agers perceive a certain accounting alternative has on·their remuneration 

packages, particularly the incentive portion. All of the studies cited 

above present evidence to support this hypothesis •. These studies sug­

gest that different firms prefer alternate accounting methods for the 

same economic event. This implies that each enterprise and/or each in­

dustry possesses unique charact~ristics, and the imposition of one ac­

counting procedure on all firms may produce inefficiencies such as the 

incremental costs mentioned above. This study presents evidence indica­

ting that B-S estimates of implied compensation have a differential im­

pact on the reported income of firms, depending on the size of the firm 

and its industry classification. Thus, imposing a single accounting 

method for grants of stock options on all firms may be costly for some 

corporations. This is an issue which requires additional research. 
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One example of such research effort is the Wallace (1981) study. 

Her concern is the economic costs associated with the current accounting 

treatment of stock appreciation rights. The prescribed expense recogni­

tion procedue produces substantial volatility in income and earnings per 

share numbers. This accounting procedure, she contends, has been an im­

pediment to the adoption of SAR plans, and adversely affects the compo­

sition of executive compensation packages. Among the evidential matter 

she produces is (1) the role of company size in discriminating between 

firms with and without appreciation right plans, (2) the restrictive 

provisions in SAR plans enabling the firm to exercise more control over 

the potential effects of the SAR accounting treatment, and (3) the sig­

nificant abnormal market returns for a portfolio of securities for firms 

issuing SARs and a portfolio of securities for firms issuing stock op­

tions on the date that news of the probable change in variable plan ac­

counting treatment first became publicly available. 
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VARIANCE ESTIMATES 

Firm 

ARA Services, Inc·. 

Alberto Culver Co. 

Albertsons, Inc. 

Allergan Pharmaceuticals, Inc. 

Allied Products Corp. 

American Can Co. 

American Distilling Co. 

American Home Products Corp. 

American Sterilizer Co. 

Ampex Corp. 

Arkansas Best Corp. 

Arkansas Louisiana Gas Co. 

Bangor Punta Corp. 

Bausch Lomb, Inc. 

Baxter Travenol Labs, Inc. 

Bell Industries, Inc., 

Best Products, Inc. 

Big Three Industries, Inc. 

Binney Smith, Inc. 

Boise Cascade Corp. 

Bundy Corp. 

Champion International Corp. 

Chase Manhattan Corp. 

Chicago Pneumatic Tool Co. 

Churchs Fried Chicken, Inc. 

Citicorp 

Cluett Peabody Co., Inc. 

Coca Cola Bottling Co., NY, Inc. 
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21~oay 41-Day 61-Day 18-Month 

.000196 .000193 .000189 .000190 

.000609 .000591 .000585 .000571 

.000223 .000218 .000224 .000224 

.000649 .000652 .000648 na 

.000234 .000234 .000227 .000283 

.000094 .000092 .000092 .000083 

.000944 .000921 .000916 na 

.000123 .000145 .000166 .000140 

.000904 .000877 .000858 .000907 

.000199 .000394 .000558 .000564 

.000594 .000578 .000610 .000503 

.000169 .000168 .000168 .000163 

.000639 .000639 .000647 .000899 

.000503 .000511 .000502 .000512 

.000203 .000202 .000203 .000204 

.001284 .001256 .001218 .001245 

.000333 .000402 .000525 .000491 

.000285 .000283 .000284 .000271 

.000857 .000851 .000877 .000698 

.000230 .000226 .000227 .000245 

.000441 .000428 .000428 .000370 

.000280 .000293 .000296 .000258 

.000199 .000199 .000209 .000157 

.000275 .000308 .000299 .000240 

.000504 .000491 .000484 na 

.000265 .000264 .000274 .000231 

.000649 .000637 .000636 .000565 

.000625 .000615 .000620 .000678 



Collins Aikman Corp. 

Collins Foods International, Inc. 

Compugraphic Corp. 

Conrac Corp. 

Continental Corp. 

Continental Telephone Corp. 

Cooper Industries, Inc. 

Crown Zellerbach Corp. 

Culbro Corp. 

Deere Company 

Donaldson Lufkin Jenrette, Inc. 

Dover Corp •. 

Eagle Picher Industries, .Inc. 

Eastern Gas Fuel Associates 

Eckero Jack Corp. 

Fairmont Foods Company 

Farah Manufacturing, Inc. 

Federated Department Stores, Inc. 

Financial Federation, Inc. 

First Charter Financial Corp. 

Foster Wheeler Corp. 

Franklin Mint Corp. 

Gap Stores, Inc. 

Gearhart Owen Industries, Inc. 

General Bancshares Corp. 

Genral Motors Corp. 

General Portland, Inc. 

General Signal Corp. 

General Steel Industries, Inc. 

Gifford Hill Company, Inc. 

Global Marine, Inc. 

Golden West Financial Corp. 

Grainger, w. w., Inc. 

Harsco Corp. 
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.000499 .000485 .000478 .000441 

.000883 .000859 .000851 .000808 

.000527 .000511 .000507 .000471 

.000456 .001010 .001277 .000564 

.000171 .000168 .000178 .000141 

.000105 .000104 .000112 .000125 

.000163 .000162 .000167 .000181 

.000265 .000264 .000259 .000198 

.000493 .000480 .000465 .000291 

.000217 .000214 .000217 .000204 

.001667 .001642 .001671 .001634 

.000172 .000175 .000183 .000177 

.000456 .000448 .000442 .000301 

.000441 .000433 .000434 .000398 

.000230 .000228 .000224 .000266 

.000708 .000691 .000672 

.095150 .001488 na 

na 

na 

.000144 .000147 .000151 .000172 

.000722 .000708 .000684 .000547 

.000485 .000480 .000475 .000387 

.000666 .000644 .000626 .000559 

.001098 .001090 .001087 .000933 

.000742 .000747 .000733 na 

.000420 .000434 .000426 .000518 

.000187 .000189 .000190 na 

.000127 .000124 .000124 .000114 

.000669 .000661 .000656 .000644 

.000218 .000220 .000219 .000187 

.000408 .000401 .000389 .000476 

.000576 .000565 .000552 .000398 

.000971 .000955 .000939 .000875 

.000680 .000656 .000639 .000431 

.000162 .000171 .000173 .000170 

.000121 .000116 .000119 .000104 



Hesston Corp. 

Hoover Universal, Inc. 

Household Financial Corp. 

Inland Steel Company 

International Aluminum Corp. 

Johnson, E. F. Cornapny 

Kaneb Services, Inc. 

Keene Corp. 

Knight Ridder Newspapers, Inc. 

Lamson Sessions Company 

Leaseway Transportation Corp. 

Lee Enterprises, Inc. 

Levitz Furniture Corp. 

Liggett Group, Inc. 

Lockheed Corp. 

Lone Star Industries, Inc. 

Magic Chef, Inc. 

Marriott Corp. 

Mary Kay Cosmetics, Inc. 

Masco Corp. 

Mead Corp. 

Melville Corp. 

Memorex Corp. 

Meredith Corp. 

Michigan Gas & Utilities Company 

Minnesota Mining & Manufacturing Co • 

Motorola, Inc. 

Munford, Inc. 

Murphy Oil Corp. 

National Horne Corp. 

National Medical Enterprises, Inc. 

National Semiconductor Corp. 

Newpark Resources, Inc. 

Nicor Gas, Inc. 

Northern National Gas Company 

.000639 .000626 .000631 .000690 

.000391 .000391 .000392 .000367 

.000180 .000175 .000172 .000181 

.000118 .000123 .000127 .000114 

.000384 .000324 .000552 .000636 

.001466 .001480 .001471 · na 

.000578 .000589 .000574 .000490 

.000427 .000437 .000431 .000437 

.000225 .000223 .000222 .000180 

.000490 .000505 .000591 .000413 

.000287 .000285 .000277 

.000313 .000308 .000297 

na 

na 

.000240 .000742 .000675 na 

.000423 .000409 .000397 .000271 

.001074 .001063 .001066 .000837 

.000138 .000184 .000289 .000314 

.000804 .000791 .000781 .000704 

.000450 .000442 .000437 .000428 

.000822 .000810 .000811 na 

.000328 .000329 .000333 .000374 

.000504 .000502 .000498 .000370 

.000243 .000239 .000244 .000241 

.001442 .001393 .001410 na 

.000229 .000236 .000236 .000346 

.000182 .000176 .000176 .000172 

• 000144 .000144 .000152 .000143 

.00.0249 .000261 .000264 .000249 

.001826 .001860 .001836 .001333 

.000571 .000560 .000553 .000487 

.001909 .001861 .001838 .001516 

.000849 .000828 .000798 .000657 

.000999 .001031 .001051 .000902 

.001016 .000997 .000974 .001105 

.000150 .000147 .000143 .000116 

.000179 .000175 .000181 .000173 
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Northwest Bancorporation 

Olin Corp. 

OWens Illinois, Inc. 

Panhandle Eastern Pipe Line Company 

Parker Hannifin Corp. 

JC Penny, Inc. 

Pillsbury Co. 

Planning Research Corp. 

Portee, Inc. 

Potlatch .Corp. 

Pullman, Inc. 

Purex Industries, Inc. 

RLC Corporation 

Raymond International, Inc. 

Raytheon Company 

Reliance Group, Inc. 

Republic Corp. 

Revere Cooper & Brass, Inc. 

Rexham Corp. 

Richardson Merrell, Inc. 

Robertson, H. H. Company 

Ronson Corp. 

Roper Corp. 

Rorer Group, Inc. 

Royal Crown Companies, Inc. 

Ryan Homes, Inc. 

Ryder Systems, Inc. 

SCM Corporation 

Safeguard Industries, Inc. 

St. Joe Minerals Corp. 

Schering Plough Corp. 

Sea Containers, Inc. 

Shaklee Corp. 

Sheller Globe Corp. 

Sherwin Williams Company 

.000166 .000170 .000182 

.001177 .001132 .001106 

.000243 .000248 .000254 

.000129 .000139 .000141 

.000248 .000249 .000244 

.000184 .000155 .000185 

.000184 .000187 .000184 

.001278 .001311 .001301 .0013 1'7 

.000596 .000606 .000596 .000~98 . 

.000274 .000274 .000273 .000263 

.000468 .000457 .000478 .0003 52 

• 000301 • 000304 • 000299 • OOQ.25:~ ·. 

.000582 .000568 .000573 na 

.000772 .000772 .000765 .000617 

.000251 .000258 .000268 .000229 

.000392 .000376 .000365 .000486 

.000889 .000889 .000914 .000883 . 

..000499 .000485 .000481 .000750 

.000530 .000521 .000520 .000519 

.000270 .000266 .000261 .000285 

.000244 .000240 na na 

.001354 .001344 .001318 .001018 

.000376 .000371 .000366 .000304 

.000825 .000837 .000816 .000701 

.000438 . • 000432 .000453 .000371 

.000446 .000431 .000422 .000397 

.000423 .000419 .000419 .000410 

.000583 .000587 .000571 .0004 80 

.000642 .000664 .000651 .000779 

.000426 .000420 .000414 .000325 

.000193 .000199 .000217 .000233 

.000879 .000882 .000870 .000813 

.000963 .000954 .0009?3 n.a 

.000346 .000367 .000360 .000423 

.000439 .000427 .000411 ~00045 3 



Signal Companies, Inc. 

Smith International, Inc. 

Southland Corp. 

Southwest Airlines Company 

Southwest Forest Industries, Inc. 

Sperry Corp. 

Squibb Corp. 

Sunbeam Corp. 

Supermarkets General Corp. 

Sybron Corp. 

TRW, Inc. 

Texas Instruments, Inc. 

Thomas Betts Corp. 

Time, Inc. 

Transamerica Corp. 

Transway International Corp. 

Twentieth Century Fox Film Corp. 

Tyler Corp. 

Union Corp. 

United States Gypsum Company 

United States Home Corp. 

US Leasing International, Inc. 

United States Tobacco Company 

Unitrode Corp. 

VF Corporation 

Wallace Business Forms, Inc. 

Ward Foods, Inc. 

Warner Conununucations 

Waste Management, Inc. 

Western Airlines, Inc. 

Western Union Corp. 

Woolworth, F. W., Company 

Wyle Labs 

Wyly Corp. 

Xerox Corp. 

.000420 .000414 .000425 .000383 

.000235 .000233 .000236 .000316 

.000188 .000190 .000195 .000187 

.000535 .000540 .000535 .000512 

.000976 .000955 .000942 .000733 

.000188 .000187 .000187 .000221 

.000360 .000390 .000383 .000313 

.000299 .000351 .000667 .000516 

.000530 .000525 .000527 .000602 

.000674 .000661 .000657 .000485 

.000184 .000186 .000188 .000180 

.000204 .000208 .000219 .000222 

.000140 .000138 .000138 .000148 

.000210 .000227 .• 000240 .000247 

.000207 .000207 .000206 .000210 

.000226 .000226 .000223 .000242 

.000597 .000592 .000578 na 

.000280 .000270 .000269 .000289 

.001111 .001087 .001085 .001208 

.000324 .000317 .000315 .000253 

.000569 .000638 .001236 .000998 

.000479 .000498 .000498 .000364 

.000137 .000140 .000143 .000172 

.000707 .000773 .001219 na 

.000252 .000251 .000260 .000249 

.000190 .000188 .000195 .000171 

.001326 .001305 .001292 .000968 

.000357 .000351 .000352 .000326 

.000305 .000304 .000324 .000410 

.001013 .000995 .001006 .000713 

.000484 .000464 .000446 .000294 

.000434 .000419 .000403 .000311 

.000792 .000779 .000789 .000908 

.001713 .001709 .001814 na 

.000226 .000230 .000237 .000226 
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Zapata Corp. .000773 .000752 .000781 .000704 

Zeni.th.. Radio Corp. .000389 .000399 .000409 .000464 

Mult;;ple Grant Dates 
.. 

-

.Crown;.,' Z:~llerback Corp. 
· ·-6/8/78 .000294 .000290 .000282 .000198 

1/9/78 .000329 .000323 .000310 .000208 

Household Financial Corp. 

4/10/78 .000183 .000181 .000181 .000168 

6/13/78 .000175 .000181 .000181 .000161 

9/12/78 .000179 .000187 .000182 .000155 

Meredith Corp. 

5/8/78 .000222 .000220 .000216 .000257 

12/8/78 .000194 .000227 .000226 .000227 
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