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Abstract 

This paper analyzes the relations among firm-level stock option portfolio incentives, 
investment, and firm value based on a sample of Finnish firms during the time period 
1987 – 2000. Utilizing exact and complete information regarding stock option portfolio 
characteristics, we find some evidence that firm investment is increasing in the incentives 
to increase stock price (delta) and risk (vega). Furthermore, we find strong evidence of a 
positive relation between both incentive effects and firm value (Tobin’s Q). In contrast, 
when we allow for stock option incentives, investment, and firm value to be 
simultaneously determined, we find no evidence that investment is increasing in 
incentives. However, even after controlling for endogeneity, we find that both incentive 
effects arising from stock option compensation display a positive and significant effect on 
firm value. Finally, in contradiction to earlier findings, we observe that neither Tobin’s Q 
nor investment drives incentives. 
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1. Introduction 

Stock options are used as executive remuneration to align incentives of managers 

with those of shareholders, and motivate managers to maximize shareholder value. 

Compensation in the form of stock options is motivated by the fact that they are expected 

to provide incentives to increase risk and, thus, bring managers’ risk preferences closer to 

that of a representative investor. Theoretically it could be argued that if equity-based 

compensation provides incentives to increase risk (i.e., reduce underinvestment) we 

should observe higher levels of investment in firms with more equity incentives. On the 

other hand, theoretical models (see, e.g., Milgrom and Roberts, 1992) suggest that the 

level of equity incentives should be related to growth opportunities, i.e., compensation 

should be closer tied to the stock price when the investment opportunity set is larger, and 

the manager’s effort has more effect on shareholder value.1 There is also some direct 

evidence of a relation between equity incentives and investment. Using a sample of 

acquiring and divesting firms, Agrawal and Mandelker (1987) found a positive relation 

between managerial ownership and the changes in firm variance and financial leverage. 

Furthermore Datta et al. (2001) evaluated how executive compensation structure affects 

acquisition decisions, and found that managers with more equity-based compensation pay 

lower acquisition premiums, make acquisitions that increase risk, and earn higher post-

acquisition returns. The interaction between research and development (R&D) investment 

and compensation policy was recently investigated by Ryan and Wiggins (2002). They 

found that growth opportunities affect the use of stock options, and that stock options are 

positively related to R&D investments. Furthermore, they found a negative relation 

between restricted stock and R&D investments.2 

A related line of research investigates the relation between equity incentives and 

firm value, measured by Tobin’s Q. Morck et al. (1988) and McConnell and Servaes 

(1990) found that firm value is positively (although non-linearly) related to managerial 

ownership. Based on the findings of McConnell and Muscarella (1985) that investment 

positively affects firm value, more recent research has questioned whether managerial 

ownership can be treated as exogenous when explaining firm value. When firm value, 

investment and ownership are allowed to be endogenously determined, the relation 

                                                      

1 The findings of Smith and Watts (1992), Gaver and Gaver (1993), Mehran (1995), Guay (1999), 
Himmelberg et al. (1999), and Palia (2001) lend support to this prediction by documenting a positive relation 
between growth or investment opportunities and equity incentives. 
2 Bryan et al. (2000) and Ryan and Wiggins (2001) provide similar results. In contrast to the findings of Ryan 
and Wiggins (2002), Gompers et al. (2001) have provided evidence that weaker shareholder rights (measured 
by a corporate governance index) are related to higher capital expenditures. 

 1



between ownership and firm value disappears, or becomes ambiguous (see, e.g., Cho, 

1998; Himmelberg et al., 1999; Palia, 2001). Furthermore, Aggarwal and Samwick 

(1999) estimated joint relations between incentives and Tobin’s Q, and between 

incentives and investment. They observed that both Tobin’s Q and investment are 

increasing in incentives, which appears to be consistent with underinvestment (managers 

having private costs of investment). 

We extend these two lines of research in the following three ways. First, to our 

knowledge this paper is the first to directly relate stock option portfolio incentives (delta 

and vega) to investment. Agency theory predicts that incentives drive investment 

decisions, and thus we hypothesize that stock option incentives to increase stock price 

and risk are related to investment. Second, we use the same incentive variables to explain 

firm value, whereas most of the previous literature has focused on managerial stock 

ownership.3 Third, we employ simultaneous equation analysis to allow for stock option 

incentives, investment, and firm value to be endogenously determined. To our 

knowledge, this type of analysis has previously only been conducted using managerial 

stock ownership as a measure of executive incentives. This also tests the validity of our 

results regarding the link between firm value and stock option incentives. In addition to 

these contributions, our set of stock option data for Finnish firms allows us to measure 

stock option incentives more precisely than in most previous studies using U.S. data.4 

This is due to the fact that our data set contains complete and accurate information on all 

stock option grants outstanding with exact details of the number of options, exercise 

prices, maturities, etc. Finally, we examine the possibility that stock option incentives 

have differential impacts on investment and firm value, conditional on firm 

characteristics such as diversification, availability of free cash flow, and leverage. 

As observed by Aggarwal and Samwick (1999) among others, agency problems 

can lead to either underinvestment or overinvestment. If firms use incentive contracts to 

mitigate these problems, we should observe a varying (positive for some firms, negative 

for others) relation between the level of incentives provided (measured in this paper by 

delta) and firm investment. A positive relation between the incentive to increase stock 

                                                      

3 Exceptions are, e.g., Aggarwal and Samwick (1999) who show that Tobin’s Q is increasing in incentives, 
and Habib and Ljungqvist (2002) who relate stock option incentives to the shortfall of a firms actual Tobin’s 
Q from a hypothetical Tobin’s Q of a fully efficient firm. 
4 For example, the “one-year approximation” method of calculating stock option sensitivities described in 
Core and Guay (2002) uses the precise characteristics of all newly granted options, and the average 
characteristics of previously granted unexercisable and exercisable options. However, in this study we are 
able to calculate sensitivities using exact details on all option grants that comprise the stock option portfolio 
over time. 
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price and investment should only be observed if firms on average are underinvesting, and 

vice versa. However, if the compensation contract offers high incentives to increase risk 

(vega) this should lead to higher investment, ceteris paribus. Furthermore, if 

compensation contracts reduce agency costs we should observe a positive relation 

between firm value and both incentives arising from stock option compensation 

(incentive to increase stock price and risk). Regression results (not controlling for 

endogeneity) reveal some evidence that firm investment is increasing in the incentives to 

increase stock price (delta) and risk (vega), which could indicate that firms in our sample 

on average are underinvesting, and subject to managerial risk aversion. However, when 

we allow for stock option incentives to be endogenously determined, we find no evidence 

that investment is increasing in incentives. Consistent with the findings of Morck et al. 

(1988), McConnell and Servaes (1990), and Aggarwal and Samwick (1999) we find 

strong evidence of a positive relation between firm value and both the incentive to 

increase stock price and the incentive to increase risk. This finding is robust to 

endogeneity, as we find that incentives affect firm value, but that neither firm value nor 

investment drives incentives. Finally, based on our results we cannot conclude whether 

investment drives firm value, or whether firm value affects investment. 

The remainder of this paper is organized as follows. In Section 2, we describe the 

research design employed in the study. Section 3 describes the data. The results are 

reported in Section 4, and finally, Section 5 concludes the paper. 

 

2. Research design 

2.1. Measuring stock option incentives 

To estimate sensitivities to stock price and risk, we follow the procedure of Core 

and Guay (2002). The sensitivity to stock price is calculated as the partial derivative of 

the Black and Scholes (1973) option value, adjusted for dividend payments as in Merton 

(1973), with respect to a 1% change in stock price, i.e., the call option delta. In a similar 

manner, the sensitivity to risk is calculated as the partial derivative of the option value 

with respect to a 1% change in the annualized standard deviation of stock returns, i.e., the 

call option vega. Both sensitivity measures are calculated for the total firm-level stock 

option portfolio. Furthermore, to control for the scope of the stock option grant we 

calculate the ratio of the total Black and Scholes value adjusted for dividend payouts to 
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the market value of equity of the firm.5 See Appendix A for a detailed description of the 

utilized variables. 

 

2.2. Stock option incentives and investment 

As mentioned earlier, agency problems can lead managers either to overinvest or 

underinvest. Jensen (1986, 1993) argues that managers may take on wasteful (negative 

net present value) investment projects, because they derive utility from controlling more 

assets. This implies that managers have private benefits from investment.6 On the other 

hand, managers may reject positive net present value investments, because investments 

cause them disutility by forcing them to oversee the investment. Hence, managers incur 

private costs of investment. With respect to the relation between the level of incentives 

(delta) and firm investment, we therefore expect a positive relation if firms on average are 

underinvesting, which is consistent with managers having private costs of investment. On 

the contrary, a negative relation is expected if firms on average are overinvesting. This is 

plausible if one assumes that managers have private benefits of investment. Regarding the 

risk incentive effects arising from stock option compensation (vega), we expect that 

higher risk incentives are associated with higher investment, ceteris paribus. It is widely 

recognized that managerial risk aversion combined with excessive concentration of 

managerial wealth (human and financial) in a single firm could cause the manager to 

reduce risk to a level that is less than optimal from the point of view of a representative 

investor (Jensen and Meckling, 1976). Hence, we expect a positive relation between the 

level of risk incentives provided and firm investment, consistent with a reduction in 

agency costs related to managerial risk aversion. 

In line with previous empirical work, we employ the investment to capital ratio of 

the firm to measure investment. Variables utilized to control for firm investment are 

related to firm size, growth, and leverage. To control for size effects affecting firm 

investment, we employ the logarithm of sales. Diminishing returns to capital suggest that 

investment decreases as firm size increases. Hence, we expect a negative relation between 

firm size and investment. Another effect, which might influence investment, is related to 

growth potential. The Q theory model of investment relates the rate of the firm’s 

investment (investment to capital ratio) to its marginal Q, i.e., the present value of all 

                                                      

5 The scope of the stock option grant is included in the incentive specifications of the simultaneous equation 
analysis to control for how the size of the stock option grant affects the incentives it provides. 
6 This phenomenon is referred to as the empire-building problem. 
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future marginal returns to capital. Marginal Q is in practice measured by Tobin’s Q, i.e., 

average Q (Tobin, 1969), which will be utilized in the empirical analysis. Furthermore, 

demand increases in the firm’s product market are expected to affect firm investment. 

Hence, we control for growth potential by including both Tobin’s Q and the annual 

logarithmic change in sales. We expect a positive relation between growth potential and 

investment. Finally, the effect of financial leverage is controlled for by the ratio of total 

debt to assets of the firm. Debt financing can affect firm investment in a variety of ways. 

Highly levered firms can encounter problems in obtaining external financing for 

investment activities. In addition, the disciplinary role of debt can prevent managers from 

making wasteful investment decisions, i.e., reduce overinvestment (Jensen, 1986, 1993). 

One the other hand, agency costs of debt can lead to underinvestment (debt overhang 

problem, Myers, 1977). In general, we expect a negative relation between the level of 

debt in the firm’s capital structure and investment. 

 

2.3. Stock option incentives and firm value 

We employ average Q (Tobin’s Q) to proxy for the theoretical measure of marginal 

Q, i.e., the present value of all future marginal returns to capital. Tobin’s Q is specified as 

the ratio of firm value divided by the replacement value of assets. In line with 

Himmelberg et al. (1999) among others, we use the market value of the firm’s equity 

added with the book value of total debt as a measure of firm value, and the book value of 

total assets as a proxy for the replacement value of assets. A reduction in agency costs 

through incentive alignment between managers and shareholders suggests that firm value 

is increasing in the level of incentives. Furthermore, risk incentives arising from stock 

option compensation decrease agency costs related to managerial risk aversion. Hence, 

we expect that firm value is increasing in both incentive effects arising from stock options 

(delta and vega). 

Our control variables in the Tobin’s Q regressions are similar to the set of variables 

used by Himmelberg et al. (1999). Diminishing returns on capital suggests that firm value 

falls as firms grow in size. As in the investment regressions, we employ the logarithm of 

sales as a measure of firm size, and we expect that Tobin’s Q is decreasing in firm size. 

To control for non-linearity in the relation, the square of firm size is included in the 

regressions (as in Himmelberg et al., 1999). The capital to sales ratio of the firm is 

included to control for monitoring costs and/or asset turnover. Agency theory predicts 

that lower monitoring costs (measured in this paper by the proportion of fixed assets to 

sales) imply a higher firm value, ceteris paribus. Hence, a positive relation between the 
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capital to sales ratio and Tobin’s Q is consistent with lower monitoring costs, and 

subsequently higher firm value. On the other hand, a negative relation between the capital 

to sales ratio and Tobin’s Q is plausible, if one assumes that firm value is increasing in 

the asset turnover of the firm. The square of the capital to sales ratio controls for possible 

non-linearities in the relation (as in Himmelberg et al., 1999). We also include a measure 

of cash flow in the firm value analysis. Specifically, we use the operating cash flow 

(measured as EBITDA to book value of assets) of the firm. The effect of cash flow on 

firm value can be interpreted as two-fold. First, taken as a proxy for relative market 

power and subsequently of profitability, a positive relation is expected between operating 

cash flow and firm value. On the contrary, operating cash flow could be interpreted as a 

proxy for the availability of free cash flow in the firm. Jensen (1986, 1993) argues that 

the availability of free cash flow generates agency costs due to overinvestment (empire-

building). Hence, a negative relation between operating cash flow and firm value is 

plausible, based on agency-theoretical grounds. Finally, we include a measure of leverage 

in the regressions, which, in a similar manner as the investment regressions is specified as 

the ratio of total debt to assets of the firm. Tax shields of debt and reduced agency costs 

(due to the disciplinary role of debt, Jensen, 1986, 1993) imply that firm value is 

increasing in leverage. However, as mentioned earlier, debt can introduce agency costs 

related to underinvestment (debt overhang problem, Myers, 1977) suggesting a negative 

relation between the level of debt and firm value. 

 

2.4. Interactions 

The above-presented arguments suggest that the level of incentives (delta) and risk 

incentives (vega) arising from stock option compensation affect firm investment and firm 

value. However, as a test for robustness, we explore the possibility that the relations are 

dependent on firm characteristics such as diversification, availability of free cash flow, 

and capital structure. First, empirical work has shown that diversification destroys value 

and results in the well-known diversification discount (see, e.g., Lang and Stulz, 1994; 

Comment and Jarrell, 1995; Berger and Ofek, 1995). Lamont and Polk (2001) discuss a 

number of potential explanations for the diversification discount, including incompetent 

or irrational managers, competent but self-interested managers, wasteful spending in 

general, and wasteful investment in poorly performing divisions in particular. Clearly, the 

dominant part of the presented explanations suggest that agency costs can be expected to 

be higher in diversified firms, which in turn could be explained by the fact that 

monitoring of the manager’s effort is more costly in diversified firms than focused firms. 
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Hence, we expect that the positive incentive alignment effect (arising due to the level of 

incentives provided – measured by delta) is stronger in diversified firms compared to 

focused firms. Furthermore, one of the several theories trying to explain the choice of 

diversification relates to managerial risk aversion (Amihud and Lev, 1981). More 

specifically, the choice of diversification might reveal important information regarding 

the manager’s attitude against risk, and hence, one can argue that diversification tends to 

be a proxy for the degree of managerial risk aversion. Thus, risk incentives are expected 

to have a larger impact on firm value in diversified firms compared to focused firms, 

since agency costs related to managerial risk aversion are expected to be higher in 

diversified firms. Therefore, we examine whether stock option incentives have 

differential effects on investment and, more specifically, on firm value in diversified and 

focused firms.7 

Another factor, which might affect the relation between stock option incentives and 

investment (and subsequently firm value), relates to the availability of free cash flow. 

According to Jensen (1986, 1993) agency costs related to overinvestment (empire-

building) increase in the level of free cash flow available to the firm. Therefore, we 

expect that the incentive alignment effect is stronger in firms with potentially high agency 

costs, measured by the level of available free cash flow.8 Conceptually, free cash flow is 

cash flow in excess of that required to fund all investment projects that have positive net 

present values. A frequently used proxy for free cash flow is net operating cash flow 

(measured as EBITDA less capital expenditures), scaled by the assets of the firm. 

Alternatively, some studies have employed the operating cash flow (EBITDA) scaled by 

assets as a proxy for free cash flow. In the investment regressions, firms are categorized 

as having high availability of free cash flow if its ratio of operating cash flow to assets 

exceeds the sample annual median. We choose to use operating cash flow as a proxy for 

free cash flow in the investment regressions, since investment is a component in the 

calculation of net operating cash flow. In the firm value regressions, firms are categorized 

                                                      

7 Firm-year observations are categorized as diversified or focused by analyzing the distribution of annual 
sales. The employed accounting data provided by the Research Institute of the Finnish Economy (ETLA) 
specifies the firm’s industry as the area where a minimum of 60% of sales is generated; otherwise the firm is 
categorized as multi-business. Hence, the firm is categorized as focused if at least 60% of its annual sales are 
generated in a single segment. 
8 For example, if firms with a high level of available free cash flows are subject to agency costs caused by 
overinvestment (managers having private benefits of investment), we expect that higher stock option 
incentives (measured as the level of incentives provided – delta) decrease firm investment, and subsequently 
increase firm value. 
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as having high availability of free cash flow if its ratio of net operating cash flow to assets 

exceeds the sample annual median.9 

Finally, one can argue that capital structure could lead to differential effects of 

stock option incentives on investment and firm value. For instance, assuming that agency 

costs are increasing in the level of debt, one can argue that the incentive alignment effect 

should be stronger in highly levered firms. On the other hand, assuming that agency costs 

are decreasing in the level of debt implies that incentive alignment has less marginal 

benefits in highly levered firms. Therefore, we examine whether stock option incentives 

have differential impacts on investment and firm value in firms with low and high levels 

of debt in their capital structure. Specifically, firms are categorized as having high 

leverage if its ratio of total debt to assets exceeds the sample annual median. 

 

2.5. Methodology and models 

To investigate the impact of stock option incentives on investment and firm value 

we perform standard ordinary least squares (OLS) regressions, regressions using 

individual means (between effects), as well as fixed effects (within) regressions. The 

standard pooled OLS regression establishes a relation between the dependent and 

independent variables based on comparisons both within and across firms. However, if 

firms are not otherwise identical, the standard pooled OLS regression will be biased by 

unobserved firm-specific factors. Regressions using individual means are based on firm-

averages of the variables. The individual means specification considers only variation 

across the firms in the sample. The fixed effects estimation procedure controls for the 

effect of potential firm-specific dynamics by including a dummy variable for each firm. 

This procedure removes the effect of unobserved firm characteristics, which can affect 

the relation under investigation in a way, which is not characterized by the current 

specifications. Thus, the fixed effects estimation procedure establishes a relation between 

the dependent and independent variables based on comparisons within firms over time. 

Based on the previous discussion, we assume that investment and firm value are 

determined as follows: 

 

Investment = f (Incentives, Tobin’s Q, size, sales growth, leverage),          (1) 

 

                                                      

9 A potential weakness in the measurement of agency costs by the level of available free cash flow is the fact 
that cash flow, in fact, can serve as a proxy for relative market power, which is associated with profitability. 
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Tobin’s Q = f (Incentives, size, size2, capital to sales, capital to sales2, cash flow, leverage). 

                  (2) 

 

Equations (1) and (2) imply that investment and firm value are functions of stock option 

incentives (delta and vega) and control variables.10 Furthermore, to control for economy-

wide factors that affect all firms equally, but vary over time, we include year dummy 

variables to absorb these effects. 

To examine whether the impacts of stock option incentives are conditional on firm 

characteristics such as diversification, availability of free cash flow, and leverage, we 

perform full-sample regressions that allow the coefficients measuring stock option 

incentives to vary across sub-samples by interacting these variables with a dummy that 

takes the value of one if the firm is classified as focused, having high availability of free 

cash flow, having high leverage, and zero otherwise.11 

As mentioned earlier, recent empirical research has questioned whether managerial 

incentives can be treated as exogenous when analyzing firm dynamics (see, e.g., Cho, 

1998; Himmelberg et al., 1999; Palia, 2001). To control for potential endogeneity 

problems, and therefore inconsistent parameter estimates, we employ simultaneous 

equation analysis using the three-stage least squares (3SLS) method to estimate the 

following system of equations: 

 

Investment = f (Incentives, Tobin’s Q, sales growth, leverage, size),          (3) 

 
Tobin’s Q = g (Incentives, leverage, size, size2, capital to sales, capital to sales2, cash flow, 

investment),               (4) 

 
Incentives = h (Tobin’s Q, leverage, size, capital to sales, cash flow, investment, dividends, 

scope of option grant).              (5) 

 

The investment and Tobin’s Q models included in the simultaneous equation analysis are 

similar to those used in the single equation analysis, with the exceptions that we include 

investment in the Tobin’s Q equation to allow for investment to determine firm value. 

Furthermore, we include a third equation (5) in the analysis to facilitate for the possibility 

                                                      

10 We choose to examine delta and vega in separate specifications in both the investment and Tobin’s Q 
regressions, due to high bivariate correlation (approximately 0.82) that might bias the coefficient estimates. 
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that firm value and/or investment, among other factors, determine incentives. The 

independent variables in Equation (5) are based on previous empirical work. For 

example, Smith and Watts (1992), Gaver and Gaver (1993), Mehran (1995), Guay 

(1999), Himmelberg et al. (1999), and Palia (2001) find a positive relation between 

growth or investment opportunities and equity incentives. Thus, we expect to find a 

positive relation between Tobin’s Q and incentives, between investment and incentives, 

and a negative relation between dividends and incentives. Furthermore, Yermack (1995) 

hypothesizes that incentives provided by stock option awards will be inversely related to 

the financial leverage of the firm. Firm size is expected to be positively related to 

incentives, consistent with Jensen and Meckling (1976), who argue that larger firms are 

more difficult to monitor, which motivates larger incentives in larger firms. The capital to 

sales ratio of the firm and cash flow are included on the same grounds as in the Tobin’s Q 

specification, i.e., controlling for both profitability effects (asset turnover/relative market 

power) and agency-theoretical effects (monitoring costs/agency costs related to the 

availability of free cash flow). Finally, the scope of the stock option grant is included to 

control for how the size of the stock option grant affects the incentives it provides. 

 

3. Sample characteristics 

3.1. Data sources 

The utilized stock option data is obtained from Alexander Corporate Finance Oy, 

consisting of complete information on all stock option grants for Finnish firms during the 

time period 1987 – 2000. The data contains information regarding the introduction date of 

the option grant, the target group, lock-up periods, expiration dates, exercise prices, and 

the number of options granted. Thus, the data enables a detailed analysis of the various 

stock option grant characteristics. Firm accounting data is obtained from the Research 

Institute of the Finnish Economy (ETLA). Stock return data is collected from the 

database of the Swedish School of Economics and Business Administration (SSEBA), 

consisting of firm total stock returns. Data on interest rates, is likewise, obtained from the 

database of SSEBA. Finally, stock prices and dividends are collected from DataStream 

and the database of SSEBA. 

                                                                                                                                                 

11 Due to the relatively small sample size in this study, we prefer this procedure as an alternative to sub-
sample regressions. 
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3.2. Sample selection 

The sample in this study consists of firms traded on the main list of the Helsinki 

Stock Exchange (HEX). We exclude banks and insurance companies from the sample. 

For a typical stock option grant in Finland, the exercise period starts two years after the 

introduction date, and the average life of a contract is close to five years. Furthermore, the 

exercise period is often divided so that within a specific option grant the exercise period 

is initiated at different times for various option tranches. Hence, the option grants (and 

option tranches) are characterized by time periods when the options are unexercisable, 

i.e., subject to lock-up constraints, and by exercise periods. 

Theoretically, it can be argued that it is optimal for the holder of a stock option to 

either sell the option or keep it until expiration, assuming no dividends or dividend 

adjusted exercise prices.12 However, stock options in Finland are typically non-

transferable, which causes factors such as dividends, risk and diversification, possibility 

of hedging, personal qualities (such as age affecting risk aversion), liquidity, inside 

information, tax planning, and employment termination to affect the option exercise 

decision. Since complete information regarding stock option exercises is unavailable, a 

trade-off arises between analyzing option characteristics during the lock-up period vs. the 

entire life of the option grant (tranches). In the present context, we choose to examine 

only stock option grants (tranches) that are subject to lock-up constraints. The employed 

restrictions, i.e., examining firms traded on the main list of HEX, and analyzing portfolio 

characteristics of stock options subject to lock-up constraints result in 295 firm-year 

observations involving 82 firms. 

 

3.3. Descriptive statistics 

Table 1 presents descriptive statistics of the employed variables. The values 

describing the stock option sensitivity measures (delta and vega) reveal that there exists a 

high degree of dispersion in the data.13 

 

                                                      

12 Prior to 1997, none of the stock option grants in Finland offered dividend protection. However, after 1997 
approximately 70% of the stock option grants have dividend protection. 
13 This feature is not unexpected considering the presence of a number of extremely large companies, such as 
Nokia, in Finland in the latter part of the 1990s. The obtained figures for total delta and vega are of similar 
magnitude as reported by Knopf et al. (2002). However, the current paper measures total firm-level stock 
option portfolio characteristics, whereas Knopf et al. (2002) examine CEO (only) stock option portfolio 
characteristics for U.S. firms. This observation is as expected because U.S. firms on average are substantially 
larger than their Finnish counter parties, which hence, is reflected in the magnitude of CEO compensation 
packages in U.S. firms. 
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[Insert Table 1 here] 

 

The measure of total delta reveals that, on average, the value of the firm-level total stock 

option portfolio changes by approximately €760,000 when the market value of the firm 

changes with 1%. Similarly, a 1% increase in annualized volatility implies a change of 

approximately €284,000 in the total value of the firm-level stock option portfolio, on 

average. However, the median values of the sensitivities are substantially lower than the 

corresponding average values, which indicates that the sensitivity measures are somewhat 

positively skewed. Considering the scope of the stock option grants, the average value 

indicates that the total stock option portfolio represents approximately 1.5% of the total 

market capitalization of the firm. 

 

4. Empirical results 

4.1. Univariate analysis 

Table 2 presents average investment to capital ratios (Panel A) and Tobin’s Q 

(Panel B) for quintiles of stock option incentives. The table also reports tests of 

differences in means for the largest and the smallest stock option incentive quintiles. 

Examination of the table reveals, in accordance with our expectations, preliminary 

evidence of a positive relation between Tobin’s Q and the stock option incentives. 

 

[Insert Table 2 here] 

 

The largest quintiles, on average, also display significantly (at the 1% level) higher values 

of Tobin’s Q than the smallest quintiles. In the case of delta the average Tobin’s Q is also 

strictly growing in the quintiles. However, we cannot observe any robust relation for 

investment, although the investment to capital ratio for the largest quintile of delta is 

significantly larger (at the 10% level) than the corresponding measure for the smallest 

quintile. 

 

4.2. Regression results 

Table 3 presents regression results from the empirical analysis of stock option 

incentives and investment. The table reports standard OLS [I], between effects [II] and 

fixed effects [III] estimation results. Results for interactions (firm focus, free cash flow, 

and leverage) regarding stock option incentives are reported in columns [IV] – [VI] using 
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standard OLS. Panel A reports results for the incentive to increase stock price (delta), and 

Panel B for the incentive to increase risk (vega). 

 
[Insert Table 3 here] 

 

Examining Table 3 reveals some evidence that investment is increasing in both delta and 

vega. In Panel A, the coefficient of delta is positive and significant in the OLS 

specification (at the 5% level) and in the between effects specification (at the 10% level), 

but the effect seems to disappear in the fixed effects specification. In Panel B, the 

coefficient of vega is positive and significant at the 5% level in the between effects 

specification, but insignificantly different from zero in the OLS and fixed effects 

specifications.14 Table 3 also reveals that the utilized control variables appear with 

expected signs and are significant, in general. Not considering the fact that incentives 

could be endogenous, our results might indicate that firms on average are underinvesting, 

and subject to managerial risk aversion, since some evidence is found that investment is 

increasing in both delta and vega. Table 3 also reports coefficient estimates of 

interactions of the incentive measures for focused firms, and firms with above annual 

median free cash flow and leverage. The results in Table 3 fail to find any significant 

interaction effects between the stock option incentives and firm focus, free cash flow or 

leverage. 

Table 4 reports regression results regarding stock option incentives and firm value. 

The table reports results using identical estimation methods as in Table 3. The results 

reveal that all estimated coefficients for stock option incentives are positive and 

significant, which is in accordance with expectations. The coefficients of the stock option 

incentive measures are highly significant, exhibiting statistical significance at the 1% 

level in all estimated specifications.15 

 
[Insert Table 4 here] 

                                                      

14 As a further check for robustness of the obtained results, we re-estimated specifications [I] – [III] in Panels 
A and B (Table 3) using rank measures of total delta and vega, instead of the logarithm of total delta and 
vega. This exercise revealed that all estimated coefficients displayed identical signs as when using logarithms 
of the incentive measures. However, in this case, the only statistically significant result appeared for delta in 
the OLS specification. 
15 As for the investment regressions, we re-estimated specifications [I] – [III] in Panels A and B (Table 4) 
using ranks of the incentive measures, instead of the logarithmic specifications. In this case, all coefficients of 
both delta and vega remained positive and statistically significant. Hence, in contrast to the case of 
investment, the results regarding incentives and firm value seem to be robust to different functional 
specifications of the incentive measures. 
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On the whole, the utilized control variables appear with expected signs, but display 

varying levels of statistical significance. Thus, our results indicate that firm value is 

increasing in incentives, suggesting that compensation contracts tend to mitigate agency 

costs. The fact that firm value is increasing in both delta and vega could suggest that 

firms contract as a response to different types of agency costs.  

Table 4 also reports coefficient estimates of interactions of the incentive measures 

for focused firms, and firms with above annual median free cash flow and leverage. 

Inspection of the coefficient estimates for the interaction terms reveals that both delta and 

vega have a significantly larger effect on Tobin’s Q in focused firms. Based on the 

previously presented discussion that managers’ effort can be more difficult to monitor in 

diversified firms (implying higher potential agency costs, and subsequently lower firm 

value), and the fact that managerial risk aversion is expected to be higher in diversified 

firms, it is interesting to notice that our obtained results fail to align our expectations, and 

in fact suggest contradictory evidence. Finally, we fail to find any significant relation 

between firm value and the interaction terms for free cash flow and leverage. 

 

4.3. Simultaneous equation analysis 

Several previous studies argue (see, e.g., Cho, 1998; Himmelberg et al., 1999; 

Palia, 2001) that incentives are endogenously determined together with investment and 

firm value. Relying on regression results not controlling for endogeneity when examining 

the relations between these characteristics could lead to misinterpretation of the findings. 

We therefore employ a simultaneous equation analysis using the three-stage least squares 

(3SLS) method. The results of this analysis (displayed in Table 5) reveal three major 

findings. 

 

[Insert Table 5 here] 

 

First, when we control for endogeneity, we find no evidence of delta or vega affecting 

investment. Instead, it seems that investment is driven by Tobin’s Q and, vice versa, in 

both the delta and vega specifications. Based on this analysis we cannot conclude whether 

investment drives firm value, or whether firm value drives investment. Second, our earlier 

findings regarding a positive relation between stock option incentives and firm value 

(Table 4) are reassured, as both delta and vega appear as positive and significant (at the 

1% and 5% levels, respectively) in the Tobin’s Q specifications. Thus, it seems that firm 

value is increasing in incentives, even when we control for the possibility that incentives 
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are determined endogenously. Third, in contradiction to earlier findings, we observe that 

neither Tobin’s Q nor investment drives incentives. 

When examining the incentive specifications in Panels A and B of Table 5, one can 

notice that several of the estimated coefficients display expected signs and are statistically 

significant. The coefficient for leverage is negative and significant for both delta and vega 

(at the 1% and 10% levels, respectively). This observation is consistent with the notion 

that incentives provided by stock option awards will be inversely related to the financial 

leverage of the firm (see, e.g., Yermack, 1995). Furthermore, the coefficients for firm size 

are positive and significant at the 1% level. Although intuitively rather obvious, this 

finding supports the arguments of Jensen and Meckling (1976), who state that larger 

firms are more difficult to monitor, which subsequently motivates larger incentives in 

larger firms. The coefficient for dividend yield is negative in both the delta and vega 

specifications, however, statistically significant only in the delta specification (at the 10% 

level). The observation that higher dividend yields tend to be associated with lower 

incentive levels supports the prediction that higher growth opportunities are associated 

with higher incentive levels, assuming that higher dividend yields reflect the lack of 

growth opportunities in the firm. The capital to sales ratio displays a positive and 

significant effect in both incentive specifications, which is in contrast to expectations, if 

one assumes that the variable serves as a proxy for monitoring costs. Finally, the results 

reveal the expected finding that the level of incentives provided increase in the scope of 

the stock option grant.  

 

5. Summary and conclusions 

This paper analyzes the relations among firm-level stock option portfolio 

incentives, investment, and firm value based on a sample of Finnish firms during the time 

period 1987 – 2000. Agency theory suggests that incentives affect firm investment 

decisions, and hence, firm value. Utilizing exact and complete information regarding 

stock option portfolio characteristics, we extend existing empirical work in the following 

three ways. 

First of all, we examine whether incentive effects arising from stock option 

compensation affects firm investment. Regression results (not controlling for 

endogeneity) reveal some evidence that firm investment is increasing in the incentives to 

increase stock price (delta) and risk (vega). This observation suggests that our sample 

firms on average are underinvesting and subject to managerial risk aversion, and that 

incentives, in fact, tend to mitigate agency costs and provide risk incentives. Secondly, 
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we use the same stock option incentive measures to explain firm value (Tobin’s Q), 

whereas most of the previous literature has focused on managerial stock ownership. In 

accordance with the results of Morck et al. (1988), McConnell and Servaes (1990), and 

Aggarwal and Samwick (1999), we find strong evidence for a positive relation between 

incentives (in this context, stock option incentives) and firm value. This holds true both 

for the incentive to increase stock price (delta) and the incentive to increase risk (vega). 

Finally, we perform simultaneous equation analysis to allow for stock option 

incentives, investment, and firm value to be endogenously determined. In this case, we 

find no evidence that stock option incentives affect firm investment. However, even after 

controlling for endogeneity, we find that incentive effects arising from stock option 

compensation display a positive effect on firm value, but that neither firm value nor 

investment drives incentives. Hence, the results unambiguously suggest that stock option 

incentives tend to mitigate agency costs and provide sufficient risk incentives. 

Furthermore, we expect, a priori, that agency costs and managerial risk aversion should 

be pronounced in diversified firms compared to focused firms. However, in contrast to 

expectations, we find that the positive effect of stock option incentives is larger in 

magnitude in focused firms compared to diversified firms. Finally, based on our results, it 

is ambiguous whether investment is driving firm value, or whether firm value is driving 

investment. In summary, the paper provides empirical evidence that stock option 

incentives tend to succeed in incentive alignment, consistent with maximization of 

shareholder value. 
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Appendix A 

This section describes the calculation of the employed variables. Stock option data 

is obtained from Alexander Corporate Finance Oy. Firm accounting data is provided by 

the Research Institute of the Finnish Economy (ETLA). Stock returns and interest rate 

data is obtained from the database of the Swedish School of Economics and Business 

Administration (SSEBA). Stock prices and dividends are collected from DataStream and 

the database of SSEBA. 

 

A.1. Stock Option Incentives 

In a similar manner as Core and Guay (2002) we measure the incentives to increase 

stock price and risk by the call option’s partial derivatives of the Black and Scholes value, 

modified for dividend payments as in Merton (1973) with respect to a 1% increase in 

stock price and risk, i.e., delta and vega. For stock option grants specifically protected 

against dividend payments, we employ standard Black and Scholes (1973) methodology. 

For convenience, we describe the utilized methodology solely based on Merton (1973) 

dividend adjustment. 

 

Call option value: 
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����

��

11 ,          (A.1) 

 

where  is the cumulative probability function for the normal distribution, and where 

 is defined as: 
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� 2ln 2

1
���

� ,          (A.2) 

 

with the parameters: 

 

S = stock price at the end of the firm’s accounting period. 

X = exercise price of the option. 

r = ln(1+risk-free interest rate). We employ the 3-month Helsinki Interbank Offered Rate 

(HELIBOR)/European Interbank Offered Rate (EURIBOR) at the end of the firm’s 

accounting period. 
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d = ln(1+expected dividend yield). We use the actual annual dividend yield as a proxy for 

the expected dividend yield over the life of the option. 

�  = corresponds to the annualized standard deviation of daily stock returns calculated 

over the accounting period of the firm. We require a minimum of 60 daily observations to 

calculate the annualized standard deviation. 

T = remaining time to maturity of the option, measured in years, at the end of the firm’s 

accounting period. 

 

Incentive to increase stock price (delta): 

 

� �
100

*
100

* 1
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�
�

� .           (A.3) 

 

The incentive to increase stock price is calculated for the firm level option portfolio on an 

annual basis (i number of grants with j number of stock option tranches) that are subject 

to lock-up constraints at the end of the firm’s accounting period. The total incentive to 

increase stock price is calculated as the sum of the individual measures of delta multiplied 

with the corresponding number of stock options granted. 

 

Incentive to increase risk (vega): 

 

� � 01.0*01.0* 1 TSdNeC dT
��

�

�
�

�

,          (A.4) 

 

where  corresponds to the normal probability density function. In a similar manner 

as the measure for delta, we calculate the total incentive to increase risk as the sum of the 

individual measures of vega multiplied with the corresponding number of stock options 

granted. 

� �xN �

 

Scope of stock option grant: the scope of the stock option grant is calculated as the total 

Black and Scholes value corrected for dividend payouts of all unexercisable stock options 

at the end of the firm’s accounting period divided by the market value of equity of the 

firm. 

 18



A.2. Firm Variables 

Investment: measured as gross investment in fixed assets during the accounting period 

divided by fixed assets (book value of gross plant, property, and equipment). 

 

Tobin’s Q: calculated as the sum of market value of equity and book value of total debt, 

divided by the book value of assets. Market values of equity are obtained from KOP 

Pörssiyhtiöt manuals and Kauppalehti databases. 

 

Size: measured as the logarithm of sales. 

 

Sales growth: measured as the annual logarithmic change in sales. 

 

Leverage: measured as the book value of total debt divided by the book value of assets. 

 

Monitoring costs/Asset turnover: measured as the ratio of fixed assets (book value of 

gross plant, property, and equipment) to sales.  

 

Operating cash flow: measured as the ratio of EBITDA to the book value of assets. 

 

Net operating cash flow: measured as the ratio of EBITDA less gross investment to the 

book value of assets. 

 

Dividend yield: calculated as the annual dividend per share divided by the stock price at 

the end of the firm’s accounting period. 

 

 19



References 

Aggarwal, R., Samwick, A., 1999. Empire-builders and shirkers: Investment, firm 

performance and managerial incentives, NBER Working paper 7335, September. 

Agrawal, A., Mandelker, G.N., 1987. Managerial incentives and corporate investment 

and financing decisions, Journal of Finance 42, 823–837. 

Amihud, Y., Lev, B., 1981. Risk reduction as a managerial motive for conglomerate 

mergers, Bell Journal of Economics 12, 605–617. 

Berger, P., Ofek, E., 1995. Diversification’s effect on firm value, Journal of Financial 

Economics 37, 39–65. 

Black, F., Scholes, M., 1973. The pricing of options and corporate liabilities, Journal of 

Political Economy 31, 637–654. 

Bryan, S., Hwang, L., Lilien, S., 2000. CEO stock-based compensation: An empirical 

analysis of incentive intensity, relative mix, and economic determinants, Journal of 

Business 73, 661–693. 

Cho, M., 1998. Ownership structure, investment, and the corporate value: An empirical 

analysis, Journal of Financial Economics 47, 103–121. 

Comment, R., Jarrell, G., 1995. Corporate focus and stock returns, Journal of Financial 

Economics 37, 67–87. 

Core, J., Guay, W., 2002. Estimating the value of stock option portfolios and their 

sensitivities to price and volatility, Journal of Accounting Research, forthcoming. 

Datta, S., Iskandar-Datta, M., Raman, K., 2001. Executive compensation and corporate 

acquisition decisions, Journal of Finance 56, 2299–2336. 

Gaver, J., Gaver, K., 1993. Additional evidence on the association between the 

investment opportunity set and corporate financing, dividend, and compensation 

policies, Journal of Accounting and Economics 16, 125–160. 

Gompers, P., Ishii, J., Metrick, A., 2001. Corporate governance and equity prices, NBER 

Working Paper 8449, August. 

Guay, W., 1999. The sensitivity of CEO wealth to equity risk: An analysis of the 

magnitude and the determinants, Journal of Financial Economics 53, 43–71. 

Habib, M., Ljungqvist, A., 2002. Firm value and managerial incentives, Unpublished 

Working paper, New York University, Leonard N. Stern School of Business. 

Himmelberg, C., Hubbard, G., Palia, D., 1999. Understanding the determinants of 

managerial ownership and the link between ownership and performance, Journal of 

Financial Economics 53, 353–384.  

 20



Jensen, M.C., 1986. Agency costs of free cash flow, corporate finance, and takeovers, 

American Economic Review 76, 323–329. 

Jensen, M.C., 1993. The modern industrial revolution, exit, and the failure of internal 

control systems, Journal of Finance 48, 831–880. 

Jensen, M.C., Meckling, W.H., 1976. Theory of the firm: Managerial behavior, agency 

costs and ownership structure, Journal of Financial Economics 3, 305–360. 

Knopf, J.D., Nam, J., Thornton, J.H. Jr., 2002. The volatility and price sensitivities of 

managerial stock option portfolios and corporate hedging, Journal of Finance 57, 

801–813. 

Lamont, O.A., Polk, C., 2001. The diversification discount: Cash flows versus returns, 

Journal of Finance 56, 1693–1721. 

Lang, L., Stulz, R., 1994. Tobin’s q, corporate diversification, and firm performance, 

Journal of Political Economy 102, 1248–1280. 

McConnell, J., Servaes, H., 1990. Additional evidence on equity ownership and corporate 

value, Journal of Financial Economics 27, 595–618. 

McConnell, J.J., Muscarella, C.J., 1985. Corporate capital expenditure decisions and the 

market value of the firm, Journal of Financial Economics 14, 399–422. 

Mehran, H., 1995. Executive compensation structure, ownership and firm performance, 

Journal of Financial Economics 38, 163–184. 

Merton, R.C., 1973. Theory of rational option pricing, Bell Journal of Economics and 

Management Science 4, 141–183. 

Milgrom, P., Roberts, J., 1992. Economics, Organization, and Management, Prentice-

Hall, Englewood Cliffs, New Jersey. 

Morck, R., Shleifer, A., Vishny, R., 1988. Management ownership and market valuation: 

An empirical analysis, Journal of Financial Economics 20, 293–315. 

Myers, S., 1977. Interactions of corporate financing and investment decisions – 

Implications for capital budgeting, Journal of Finance 29, 1–25. 

Palia, D., 2001. The endogeneity of managerial compensation in firm valuation: A 

solution, Review of Financial Studies 14, 735–764. 

Ryan, H., Wiggins, R., 2001. The influence of firm- and manager-specific characteristics 

on the structure of executive compensation, Journal of Corporate Finance 7, 101–

123. 

Ryan, H., Wiggins, R., 2002. The interactions between R&D investment decisions and 

compensation policy, Financial Management, Spring, 5–29. 

 21



Smith, C., Watts, R., 1992. The investment opportunity set and corporate financing, 

dividends, and compensation policies, Journal of Financial Economics 32, 263–

292. 

Tobin, J., 1969. A general equilibrium approach to monetary theory, Journal of Money, 

Credit and Banking 1, 15–29. 

Yermack, D., 1995. Do corporations award CEO stock options effectively?, Journal of 

Financial Economics 39, 237–269. 

 

 22



Table 1 
Descriptive Statistics 
The sample covers the time period 1987 – 2000, and consists of firms traded on the main list of the Helsinki Stock 
Exchange (HEX). The analysis is restricted to stock option incentive characteristics subject to lock-up constraints, 
and results in 82 firms with a total of 295 yearly observations. See Appendix A for a detailed description of the 
utilized variables. 
 
Variable Mean Median Std. Dev. 1st Quart. 3rd Quart. Minimum Maximum

Investment to capital 0.258 0.196 0.182 0.125 0.336 0.013 1.011

Tobin's  Q 1.992 1.201 2.867 0.976 1.669 0.654 30.903

Stock option incentives

Total delta (€000) 760.185 58.389 5 948.803 15.543 144.069 0.151 73 413.342

Total vega (€000) 283.922 49.657 1 754.987 13.605 102.347 0.030 22 328.052

Control variables

Sales (€000.000) 1 467.096 518.019 2 911.853 126.309 1 351.222 4.908 30 375.917

Sales growth (%) 0.170 0.140 0.280 0.035 0.267 -0.754 2.658

Operating cash flow to assets 0.142 0.126 0.083 0.094 0.175 -0.200 0.486

Net operating cash flow to assets 0.025 0.032 0.110 -0.012 0.084 -0.498 0.418

Debt to assets 0.527 0.548 0.143 0.460 0.613 0.147 0.902

Capital to sales 0.725 0.466 1.448 0.260 0.692 0.055 13.367

Dividend yield 0.031 0.028 0.027 0.017 0.043 0.000 0.323

Scope of option grant (BS/MV) 0.015 0.009 0.017 0.003 0.019 0.000 0.100  
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Table 2 
Univariate Analysis of Quintiles for Stock Option Incentives 
The table reports univariate results of quintile-splits for stock option incentives with respect to quintile average 
investment to capital ratios and average Tobin’s Q. The sample consists of 82 firms with a total of 295 yearly 
observations. A t-test (assuming unequal variances) is used to investigate equality in means for average investment to 
capital ratios and average Tobin’s Q for the largest and smallest quintiles of stock option incentives. The significance 
levels 1%, 5%, and 10% are denoted with ***, **, and *, respectively. 
 
Variable

t -value (equal means
1st 2nd 3rd 4th 5th for 5th and 1st quintile)

Panel A. Investment to capital

Total delta 0.250 0.233 0.264 0.239 0.305 (1.45)*

Total vega 0.292 0.235 0.274 0.214 0.276 (-0.46)

Panel B. Tobin's  Q

Total delta 1.150 1.356 1.494 1.743 4.218 (4.19)***

Total vega 1.436 1.566 2.312 1.704 2.942 (2.80)***

Quintile
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Table 3 
The Effect of Stock Option Incentives on Investment 
The table reports standard OLS, between effects (BE), and fixed effects (FE) estimation results. All specifications 
include a full set of year dummies (not reported). The t-statistics (reported beneath each regression coefficient) are 
calculated using robust standard errors (OLS and FE). See Appendix A for a detailed description of the utilized 
variables. The measures of total delta in Panel A, and the measure of total vega in Panel B are interacted in 
specifications [IV] – [VI] with a dummy variable which takes the value of one if the firm is classified as focused 
[IV], if the firm is classified as having high free cash flow (a ratio of operating cash flow to assets exceeding the 
sample annual median) [V], and if the firm has a debt to assets ratio exceeding the sample annual median [VI], and 
zero otherwise. The significance levels 1%, 5%, and 10% are denoted with ***, **, and *, respectively. 
 
Independent variables

OLS BE FE
[I] [II] [III] [IV] [V] [VI]

Stock option incentives
ln(total delta) 0.020** 0.028* 0.006 0.019** 0.020** 0.020**

(2.57) (1.94) (0.65) (2.35) (2.27) (2.59)
Control variables
Tobin's  Q 0.014*** 0.012*** -0.002 0.014*** 0.014*** 0.014***

(3.99) (2.83) (-0.15) (3.93) (4.09) (4.03)
ln(sales) -0.036*** -0.037** -0.057 -0.036*** -0.036*** -0.036***

(-4.36) (-2.10) (-1.20) (-4.37) (-4.14) (-4.36)
Sales growth 0.185*** 0.291*** 0.061 0.182*** 0.185*** 0.184***

(3.98) (3.30) (1.40) (3.84) (4.00) (3.93)
Debt to assets -0.016 0.0002 0.283 -0.012 -0.018 -0.029

(-0.21) (0.00) (1.41) (-0.16) (-0.24) (-0.32)
Interactions
Focus * ln(total delta) 0.0016

(0.72)
Free cash flow * ln(total delta) -0.0004

(-0.19)
Leverage * ln(total delta) 0.0005

(0.20)
Year dummies Yes Yes Yes Yes Yes Yes
Transformation None Between groups Within groups None None None
Adjusted R-squared 0.315 0.551 0.478 0.314 0.313 0.313
Number of observations 295 82 295 295 295 295

OLS BE FE
[I] [II] [III] [IV] [V] [VI]

Stock option incentives
ln(total vega) 0.003 0.034** -0.013 0.003 0.003 0.003

(0.31) (2.06) (-1.07) (0.24) (0.24) (0.28)
Control variables
Tobin's  Q 0.018*** 0.014*** 0.002 0.018*** 0.018*** 0.018***

(5.20) (3.78) (0.17) (5.16) (5.09) (5.19)
ln(sales) -0.024** -0.045** -0.038 -0.024** -0.023** -0.023**

(-2.43) (-2.25) (-0.85) (-2.46) (-2.36) (-2.39)
Sales growth 0.198*** 0.310*** 0.057 0.195*** 0.199*** 0.198***

(4.13) (3.69) (1.35) (4.00) (4.11) (4.10)
Debt to assets -0.044 0.001 0.286 -0.040 -0.037 -0.063

(-0.59) (0.01) (1.41) (-0.54) (-0.49) (-0.65)
Interactions
Focus * ln(total vega) 0.0014

(0.65)
Free cash flow * ln(total vega) 0.0010

(0.55)
Leverage * ln(total vega) 0.0007

(0.28)
Year dummies Yes Yes Yes Yes Yes Yes
Transformation None Between groups Within groups None None None
Adjusted R-squared 0.297 0.554 0.484 0.296 0.295 0.295
Number of observations 295 82 295 295 295 295

OLS with interactions

OLS with interactions

Dependent variable: Investment to capital

Panel A. Incentive to increase price (delta)

Panel B. Incentive to increase risk (vega)
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Table 4 
The Effect of Stock Option Incentives on Tobin’s Q 
The table reports standard OLS, between effects (BE), and fixed effects (FE) estimation results. All specifications 
include a full set of year dummies (not reported). The t-statistics (reported beneath each regression coefficient) are 
calculated using robust standard errors (OLS and FE). See Appendix A for a detailed description of the utilized 
variables. The measures of total delta in Panel A, and the measure of total vega in Panel B are interacted in 
specifications [IV] – [VI] with a dummy variable which takes the value of one if the firm is classified as focused 
[IV], if the firm is classified as having high free cash flow (a ratio of net operating cash flow to assets exceeding the 
sample annual median) [V], and if the firm has a debt to assets ratio exceeding the sample annual median [VI], and 
zero otherwise. The significance levels 1%, 5%, and 10% are denoted with ***, **, and *, respectively. 
 
Independent variables

OLS BE FE
[I] [II] [III] [IV] [V] [VI]

Stock option incentives
ln(total delta) 0.823*** 1.792*** 0.404*** 0.786*** 0.837*** 0.832***

(5.13) (5.27) (3.65) (5.06) (5.07) (5.21)
Control variables
ln(sales) -2.988*** -4.078* -4.551* -2.941*** -3.014*** -2.984***

(-3.41) (-1.71) (-1.95) (-3.39) (-3.45) (-3.43)
ln(sales) (squared) 0.142*** 0.177 0.283** 0.140*** 0.144*** 0.142***

(2.78) (1.14) (2.07) (2.73) (2.83) (2.79)
Capital to sales -0.684* 0.158 -1.195 -0.674* -0.725** -0.700**

(-1.96) (0.16) (-0.85) (-1.94) (-2.12) (-2.08)
Capital to sales (squared) 0.039 -0.013 0.035 0.038 0.043 0.041

(1.45) (-0.15) (0.61) (1.41) (1.58) (1.57)
Operating cash flow to assets 6.486 10.852*** 10.288*** 6.302 7.135 6.437

(1.39) (2.77) (3.63) (1.35) (1.40) (1.38)
Debt to assets 0.323 2.007 1.639 0.381 0.296 1.182

(0.29) (0.63) (1.12) (0.35) (0.26) (0.90)
Interactions
Focus * ln(total delta) 0.0410**

(2.49)
Free cash flow * ln(total delta) -0.0219

(-0.82)
Leverage * ln(total delta) -0.0287

(-0.83)
Year dummies Yes Yes Yes Yes Yes Yes
Transformation None Between groups Within groups None None None
Adjusted R-squared 0.346 0.365 0.801 0.347 0.345 0.345
Number of observations 295 82 295 295 295 295

OLS BE FE
[I] [II] [III] [IV] [V] [VI]

Stock option incentives
ln(total vega) 0.493*** 1.447*** 0.203*** 0.460*** 0.516*** 0.512***

(3.61) (2.98) (2.85) (3.51) (3.56) (3.73)
Control variables
ln(sales) -2.913*** -3.915 -4.510* -2.849*** -2.942*** -2.902***

(-2.68) (-1.43) (-1.87) (-2.65) (-2.71) (-2.69)
ln(sales) (squared) 0.151** 0.167 0.293** 0.146** 0.152** 0.149**

(2.35) (0.96) (2.07) (2.30) (2.38) (2.36)
Capital to sales -0.961** -0.961 -0.973 -0.948** -1.010** -0.980**

(-2.30) (-0.87) (-0.68) (-2.29) (-2.46) (-2.39)
Capital to sales (squared) 0.058* 0.057 0.028 0.057* 0.062** 0.060**

(1.87) (0.60) (0.49) (1.83) (2.02) (1.99)
Operating cash flow to assets 9.218* 10.878** 12.964*** 8.988* 9.995* 9.144*

(1.74) (2.45) (4.15) (1.70) (1.73) (1.73)
Debt to assets -0.401 0.379 1.495 -0.319 -0.441 0.786

(-0.34) (0.10) (0.98) (-0.27) (-0.37) (0.56)
Interactions
Focus * ln(total vega) 0.0505***

(3.02)
Free cash flow * ln(total vega) -0.0278

(-0.96)
Leverage * ln(total vega) -0.0401

(-1.14)
Year dummies Yes Yes Yes Yes Yes Yes
Transformation None Between groups Within groups None None None
Adjusted R-squared 0.234 0.195 0.790 0.237 0.234 0.234
Number of observations 295 82 295 295 295 295

OLS with interactions

OLS with interactions

Dependent variable: Tobin's  Q

Panel A. Incentive to increase price (delta)

Panel B. Incentive to increase risk (vega)
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Table 5 
Simultaneous Equation Analysis of Investment, Tobin’s Q, and Stock Option Incentives 
The table reports estimation results for simultaneous equation analysis using the three-stage least squares (3SLS) method to estimate the following system of 
equations: 
Investment = f (Incentives, Tobin’s Q, sales growth, leverage, size), 
Tobin’s Q = g (Incentives, leverage, size, size2, capital to sales, capital to sales2, cash flow, investment), 
Incentives = h (Tobin’s Q, leverage, size, capital to sales, cash flow, investment, dividends, scope of option grant). 
Panel A reports estimation results using total delta as the measure of stock option incentives, whereas Panel B employs total vega as the corresponding measure. All 
specifications include a full set of year dummies (not reported). See Appendix A for a detailed description of the utilized variables. The significance levels 1%, 5%, 
and 10% are denoted with ***, **, and *, respectively. 
 
Independent variables

Investment to capital Tobin's  Q ln(total delta) Investment to capital Tobin's  Q ln(total vega)

Stock option incentives
ln(total delta) 0.002 0.545***

(0.12) (2.98)
ln(total vega) 0.006 0.718**

(0.32) (2.20)
Control variables
Tobin's  Q 0.032*** 0.172 0.034*** 0.198

(3.38) (1.23) (4.43) (1.05)
Sales growth 0.140*** 0.126***

(3.52) (3.16)
Debt to assets 0.010 -0.098 -1.811*** 0.020 -0.068 -1.309*

(0.14) (-0.09) (-3.57) (0.28) (-0.06) (-1.91)
ln(sales) -0.022* -1.718** 0.918*** -0.025 -1.565* 0.896***

(-1.87) (-2.18) (16.47) (-1.54) (-1.81) (11.99)
Capital to sales -0.249 0.132*** -0.284 0.126**

(-0.76) (3.24) (-0.92) (2.30)
ln(sales) (squared) 0.090** 0.071

(2.04) (1.55)
Capital to sales (squared) 0.007 0.008

(0.26) (0.33)
Operating cash flow to assets 4.350*** 2.317 5.677*** -1.536

(2.69) (1.59) (3.26) (-0.79)
Investment to capital 8.939*** -0.849 10.501*** -1.505

(2.92) (-0.55) (3.33) (-0.73)
Dividend yield -6.782* -3.055

(-1.94) (-0.67)
Scope of option grant (BS/MV) 57.243*** 32.044***

(10.04) (4.17)
Year dummies Yes Yes Yes Yes Yes Yes
Adjusted R-squared 0.254 0.270 0.773 0.240 0.145 0.577
Number of observations 295 295 295 295 295 295

Panel A. Incentive to increase price (delta) Panel B. Incentive to increase risk (vega)
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