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Abstract 

We examine whether the structure of compensation for the divisional CEO is related to 
subsequent innovative activity within the division, and whether the divisional CEO's 
compensation is structured as a function of the expected innovation opportunity set 
facing the division. Both the expected innovation opportunity set and the divisional 
executive's compensation contract are treated as endogenous variables by adopting 
a simultaneous equation approach. We find modest evidence that the proportion of total 
compensation tied to long-term components has a positive relation with future innova- 
tion, but no evidence that this proportion has a positive relation with the expected 
innovation opportunity set. 

Key words. Management compensation; Divisional innovation; Divisional compensa- 
tion contracts 
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1. Introduction 

There is a vast theoretical and empirical literature in economics that attempts 
to understand the factors leading to the generation of new knowledge or 
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inventive activity in organizations. The basis of most existing empirical work 
follows from the classic discussion provided by Schumpeter (1942). In particular, 
prior research has provided extensive analysis of the role of firm size and market 
concentration as determinants of innovation. However, as discussed in the 
review by Cohen and Levin (1989), prior results do not exhibit convergence and 
are statistically fragile. Cohen and Levin suggest that researchers should move 
beyond the simple Schumpeterian hypotheses and begin to focus on the more 
fundamental determinants of technological progress or innovation. 

The purpose of this paper is to provide an empirical analysis that considers 
some of the fundamental determinants of innovation. There are three important 
differences between our paper and prior work. First, with the exception of 
research considering line of business data (e.g., Scherer, 1984), prior empirical 
studies have used the firm (or even industry) as the unit of analysis. In contrast, 
we assume that most innovation decisions are made at the level of the business 
unit, and thus we use single profit centers (or divisions) as our unit of analysis. 
Implicit in our choice is the assumption that firm-level data is too aggregate to 
provide a reasonable examination of innovative activity. Second, we examine 
the role of compensation contracts for divisional managers in the production of 
innovation. In particular, we focus on the role of 'long-term' components of 
compensation in fostering innovation, since the payoffs associated with invest- 
ing in innovation are not likely to be realized immediately. To our knowledge, 
the effect of compensation policies on innovative activity has not been pre- 
viously examined.l Finally, we examine the relation between the compensation 
contract choice for the divisional manager and the outcome of innovation for 
the division using a simultaneous equation model. This approach allows both 

the innovation opportunity set and the compensation contract to be treated as 
endo#enous (or choice) variables. By using a simultaneous equation approach, 
we can begin to address some of the difficulties associated with making inferen- 
ces about the relation between executive compensation contracts and invest- 
ment decisions when compensation is treated as exogenous (e.g., Larcker, 1983). 
Moreover, although some prior work has examined the relation between the 
investment opportunity set and the choice of executive compensation contracts, 
the investment opportunity set has been treated as an exogenous variable (e.g., 
Smith and Watts, 1992; Bizjak, Brickley, and Coles, 1993). Thus, our econo- 
metric approach enables us to relax the somewhat implausible assumptions of 

~Galbraith and Merrill (1991) provide some analysis of the relation between research and develop- 
ment expenditures and various measures of compensation mix for 79 strategic business units. 
Specifically, they hypothesize a positive relation between the percentage of a manager's compensa- 
tion that has a long-term orientation and research and development expenditures. Unfortunately, 
the research and development variable is measured as a perceptual variable (using a seven-point 
scale) that asks the respondent to evaluate the strategy of their business unit relative to their 
competitors. It is unclear how this variable relates to business unit innovation. 
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prior research regarding the exogenous nature of either the compensation 
structures or investment opportunity sets. 

Using data obtained from a variety of confidential and nontraditional sour- 
ces, we estimate our simultaneous equation model for divisions operating in 
a variety of different industries. We find modest evidence that increases in the 
division executive's proportion of total compensation which is based on long- 
term performance has a positive impact on the division's future innovation, but 
only when the long-term performance measures are based on accounting 
measures of performance. In addition, we find no evidence that a division's 
future innovation (or the expected investment opportunity set facing the divi- 
sion) has a positive relation with the degree to which the divisional executive's 
compensation contract has a long-term orientation. 

The remainder of the paper is composed of five sections. Section 2 describes 
our model specification and develops a set of exploratory research hypotheses. 
Section 3 describes the sample, measures, and methodological approach used in 
examining the research hypotheses. The results obtained from estimating our 
system of equations for innovation and the compensation contract choice are 
discussed in Section 4. Section 5 contains some additional exploratory analysis 
using the level of pay, instead of the proportion of managerial compensation 
that is obtained from long-term contracts, as our measure of managerial incen- 
tives. Concluding remarks and a discussion of limitations are provided in 
Section 6. 

2. Model specification and research hypotheses 

We assume that the firm desires to maximize firm value and does that, at least 
in part, via the choice of managerial compensation contracts which affect 
managers' incentives to pursue innovation activities. The timeline for our model 
is as follows. At time period t, the firm (or perhaps the corporate CEO) forms 
expectations about the future innovation opportunity set facing each division 
and chooses the contract to properly motivate each division manager with 
regard to innovation activities. Thus, the choice of the contract is based on the 
expec ta t ion  of the division's innovation opportunity set and a variety of 
exogenous division-specific and firm-specific factors affecting the compensation 
contract (discussed below). At time period t + l, labor and capital inputs are 
consumed in the division as part of the innovation process, and the results from 
the innovation process become known to the division and the firm. At some 
later period (denoted as time t + 2), the division may take actions to protect the 
ownership of their innovation (e.g., apply for patents that are granted by the 
governmental patent office). Thus, the division's innovation becomes observable 
to other firms at t + 2. Finally, any profits earned from these innovations will be 
a function of market structure and firm-specific characteristics which restrict 
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other firms or suppliers from appropriating returns from innovation. Thus, the 
ultimate amount of innovation depends on the form of the contract chosen to 
motivate the manager and a variety of exogenous firm-specific and market 
structure factors (also discussed below). Fig. 1 provides a general depiction of 
the structural model envisioned in this analysis. 

2.1. Determinants of  innovation 

The industrial organization literature has developed and empirically exam- 
ined many models for the innovation behavior of firms. In general, these models 
analyze the role of market structure and firm-specific characteristics on the 
incentives of firms to engage in innovation. We expand on the existing literature 
by also including the managerial compensation contract as an additional 
determinant of innovation. Based upon this prior literature, we assume that the 
innovation process can be characterized in the following form: 

innovation, + 2 = f (compensation contract,, market structure,, firm factors,). 

In the standard agency model, the compensation contract is used to motivate 
the agent to provide effort, which in our setting refers to innovation activity at 
the divisional level, For a firm involved in risky innovation, it may be difficult 
for the principal to monitor the actions of the agent because there are few 
informative signals concerning agent performance until the outcome of the 
innovation investment is observed at some future date. Since the outcome from 

Compensation 

~ _ C o n t r a c t  

S 
Innovation 

Fig. 1. Structural model for business unit innovation indicating the endogenous treatment of both 
the structure of the compensation contract and the extent of innovation. The structural model allows 
the choice of the compensation contract to be determined by the business unit's innovation 
opportunity set, division factors, and firm factors. The subsequent amount of innovation is affected 
by the compensation contract choice, market structure, and firm factors. 
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an agent 's  act ion choice can only be observed with a considerable lag, it seems 
desirable for the principal  to s tructure the agent 's  compensa t ion  to incorpora te  
a deferred or long- term componen t :  2 Thus,  we hypothesize that  i nnova t ion  will 
have a positive relat ion with the compensat ion  contrac t  (or more specifically with 
the p ropor t ion  of a manager ' s  total  compensa t ion  that  is derived from long-term 
contracts). 3 As discussed below, the choice of the compensa t ion  contract  is also 
treated as an endogenous variable in the model and  we discuss its de terminants  
in Section 2.2. 4 

The impact  of marke t  s tructure  on innova t ion  has been the focus of many  
prior studies (see the review by Cohen  and  Levin, 1989). One  key market  
s t ructure variable is the extent of market  power exhibited by the firm engaged in 
innovat ive  activity. In order for i nnova t ion  to take place, firms must  have some 

expectat ion that  they will be able to capture  (at least some of) the economic 
rents arising from their innovat ion .  The market  s tructure measures employed in 

prior  work are typically proxies for the extent of imperfect compet i t ion in the 
firm's product  market .  These studies generally rely on Schumpeter  (1942) to 
hypothesize a positive relat ion between market  power and innovat ion .  How- 
ever, it can also be the case that  the existence of market  power shields the firm 
from competi t ive pressures, which reduces the incentive for the firm to engage in 
i nnova t ion  (e.g., Phillips, 1965; Scherer, 1980). This al ternative scenario suggests 
that  marke t  power should have a negative relat ion with innovat ion .  Thus,  the 
sign of the relat ion between marke t  power  and  innova t ion  is ambiguous  from 
a theoretical perspective. 

2From an institutional perspective, Clinch (1991) finds that 'high-tech' firms exhibit a higher 
incidence of stock options (i.e., long-term, market-based compensation arrangements) than 'non- 
high-tech' firms. Similarly, Balkin and Gomez-Mejia (1985) observe that 'high-tech' firms are more 
likely to use stock options and restricted stock for key scientists and engineers than "traditional" 
firms. Finally, Smith and Watts (1992) find that the existence of executive stock option plans is 
increasing in the firm's growth opportunities. 

3The use of long-term compensation arrangements is constrained by the risk premium demanded by 
the agent and the consumption requirements of the agent. Thus, we would not expect to see the 
compensation contract to be solely a function of long-term accounting or stock market performance. 
In addition, our discussion presumes the existence of a hidden action problem with respect to the 
division manager's choice of action. If there is no hidden action problem or costless and perfect 
monitoring is available, the optimal compensation contract, of course, will be a fixed salary. 

4Under fairly restrictive conditions, it is possible to use a sequence of annual plans to provide 
long-run incentives (see Fudenberg, Holmstrom, and Milgrom, 1990). One such condition is that 
there can be no information asymmetries between the principal and the agent which could arise from 
the agent receiving information that the principal does not receive or from the agent taking actions 
which are not observed by the principal. This condition is not likely to hold in the innovation 
process. Despite that, we also empirically examined the relation between innovation and compensa- 
tion structure defined as the proportion of total compensation arising from the sum of short-term 
annual bonus plans and all forms of long-term compensation. The results are very similar to those 
reported for the proportion of total compensation arising from long-term compensation. 
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There are a variety of other market structure variables that can affect the 
extent to which the market exhibits imperfect competition, and consequently, 
a firm's ability to capture the rents from innovation. In particular, there are 
likely to be barriers to entry for any given product market. For example, high 
levels of capital investment, research and development, and advertising may be 
required for production and sale of a product, and these expenditures will serve 
as barriers to entry for potential competitors. However, similar to the reasoning 
for market power, the sign of the relation between barriers to entry and 
innovation is ambiguous from a theoretical perspective. 

Although the rents from innovation may be captured by competitors in the 
product market, it is also possible that suppliers of factor inputs appropriate some 
of these economic rents. For example, Acs and Audretsch (1987) argue that unions 
can capture some of the rents via increases in wage rates. This would suggest 
a negative relation between the extent of worker unionization and innovation. 

Another market (or perhaps product) characteristic that can have a pro- 
nounced impact on innovation is the life-cycle for the products produced by 
a firm (e.g., Acs and Audretsch, 1987; Cohen and Levin, 1989). At an early point 
in the product life-cycle (where a standardized product has not evolved), there 
are substantial potential rents to innovation activities. In contrast, once a firm's 
product is mature (where the market exhibits an accepted standardized prod- 
uct), there are much lower economic rents to innovation. This would suggest 
a negative relation between the point on the product life-cycle and innovation. 

In terms of firm factors, Schumpeter (1942) argues that firm size should have 
a positive influence on innovation, or that scale economies are necessary for 
innovation. Although this hypothesis has been examined extensively, the theo- 
retical basis of the claim by Schumpeter is unclear. One common explanation 
is that large firms have an advantage in securing the financial capital necessary 
for undertaking risky innovation. However, this explanation requires that the 
capital markets are imperfect. Nevertheless, it has become commonplace in the 
industrial organization literature to hypothesize a positive relation between firm 
size and innovation. In contrast, Holmstrom (1989) argues that large firms are 
primarily engaged in production and marketing activities. Further, centralized 
decision-making and the adoption of bureaucratic procedures are common in 
large firms, because they are necessary to control the employee managers. 
However, this organizational structure will tend to inhibit innovation that is 
inherently individualistic in character. Thus, the sign of the relation between firm 
size and innovation is ambiguous from a theoretical perspective. 

Finally, the extent of diversification in the operations of the firm has been 
argued to be another potentially important firm characteristic for understand- 
ing innovation. For example, Nelson (1959) argues that higher diversification 
encourages innovation because there are more opportunities to use any knowl- 
edge generated from the innovation process (or the firm can more easily exploit 
the outcomes from innovation conducted in any single division). However, there 
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is considerable theoretical and empirical debate concerning the motivation for 
a firm to diversify. One possible explanation is that diversification is simply 
a manifestation of an agency problem where the manager reduces his personal 
risk by diversifying the firm's operations. This possibility would suggest that 
diversified firms would be less likely to engage in risky innovation. Thus, again, 
the sign of the relation between diversification and innovation is ambiguous 
from a theoretical perspective. 

2.2. Determinants o f  the compensation contract 

There is also a developing literature on the theoretical and empirical determi- 
nants for the choice of executive compensation contracts (e.g,, Lambert and 
Larcker, 1987; Smith and Watts, 1992; Sloan, 1993; Bizjak, Brickley, and Coles, 
1993). In general, these models consider the role of the investment opportunity 
set (or for our setting, the innovation opportunity set), division factors, and firm 
factors. However, much of the prior empirical work on the choice of compensa- 
tion contracts has focused attention on the corporate CEO, rather than on the 
compensation contracts for divisional executives. Based upon this prior litera- 
ture, we assume that the compensation contract choice can be characterized in 
the following form: 

compensation contract, = f (innovationt + 2, f i rm factors, ,  division factors,).  

As discussed in Section 2.1, innovation is treated as an endogenous variable. 
However, in theory, it is a key determinant of the compensation contract 
selected for divisional managers. Specifically, firms confronting a substantial 
innovation opportunity set will attempt to provide managers with greater 
incentives to invest in innovation. Similarly, Smith and Watts (1992) and Bizjak, 
Brickley, and Coles (1993) argue that as firms' growth opportunities increase, 
their CEOs'  compensation will be weighted more heavily toward long-run 
compensation. As discussed above, we hypothesize that an agent can be moti- 
vated to supply effort for innovation by increasing the proportion of their total 
compensation that is tied to long-term performance. Moreover, if division 
managers have private information which indicates the division is facing a high- 
ly valuable innovation opportunity set, they will attempt to structure more of 
their compensation using long-term performance payoffs. Thus, we hypothesize 
that the innovation opportunity set for a division will have a positive relation 
with the compensation contract (or the proportion of a manager's total compen- 
sation that is derived from long-term contracts):  

5This hypothesis is based upon the assumption that, on average, actual innovation observed at time 
t + 2 is equal to the innovation expected by the firm or division at time t (or the time at which the 
compensation contract choice is made). As long as firms and managers have rational expectations, 
on average, actual innovation observed at time t + 2, should be equal to the expected innovation at 
time period t. 
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As discussed in Lambert and Larcker (1987) and Sloan (1993), the choice 
of performance measure and the weight applied to the measure in the compensa- 
tion contract is affected by the noise  inherent in the performance evaluation 
metric. In particular, holding the sensitivity of the performance signal con- 
stant with respect to effort, the weight placed on a performance measure should 
vary inversely with the noise in the measure. The long-term compensation 
contracts for a divisional manager can be based upon either the stock return for 
the entire firm or the multi-year accounting performance for the division. 6 We 
hypothesize that the compensation contract (or the proportion of a manager's 
total compensation that is derived from long-term contracts) will have a nega- 
tive relation with the noise in the stock market and accounting performance 
measures. 

The results in Baiman, Larcker, and Rajan (1995) also suggest two addi- 
tional variables that may affect the choice of compensation contracts for 
divisional managers. In their model, the agent (e.g., divisional manager) is 
always informed about  some productivity parameter  in his division, whereas 
the principal (e.g., corporate CEO) may not be informed about  the division's 
productivity parameter. In their model, an informed CEO is considered to 
have expertise. Baiman, Larcker, and Rajan observe that an expert principal 
tends to allocate fewer tasks to the agent, but also imposes more compensation 
risk on the agent. This occurs because an expert principal can use his superior 
information to select appropriate actions on behalf of the business unit. 
However, for the tasks allocated to the manager, the manager is asked to 
exert more effort, which requires more compensation risk to be imposed on 
the manager. Thus, we hypothesize that the compensation contract (or the 
proport ion of a manager's total compensation that is derived from long-term 
arrangements) will have a positive relation with the expertise of the corporate 
CEO. 

Baiman, Larcker, and Rajan also observe that more compensation risk is 
imposed on the agent with increases in the potential payoff from the agent's 
business unit. This occurs because the principal desires to increase the level of 
agent effort in business units with high potential payoffs. As with most agency 
models, in order to motivate the agent to provide more effort, it is necessary to 
impose more risk in the compensation contract. Since larger divisions have 
a more pronounced impact on the residual payoff to the principal, we hypothe- 
size that the compensation contract (or the proportion of a manager's total 

6It is also possible that the firm will use nonfinancial performance goals to assess performance 
(i.e., the creation of a product or a technology is rewarded, not whether the stock price or ac- 
counting earnings increased). Moreover, performance can be rewarded by subsequent promo- 
tion and salary increases as opposed to being rewarded explicitly through a long-term performance 
plan. 
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compensat ion that is derived from long-term contracts) will have a positive 
relation with relative division size. v 

Finally, firm size is also likely to be a determinant of the proport ion of total 
compensation that is determined by long-term components.  If it becomes more 
difficult to monitor  the actions of executives as the size of the firm increases, we 
would anticipate that more contingent compensation would be imposed on 
division managers in larger organizations. Prior studies have also documented 
that larger firms tend to utilize more long-term compensation contracts for their 
CEOs (e.g., Sibson, 1991). Since the design of business unit compensation 
contracts tends to be (at least partially) a function of the contract chosen for the 
CEO, s we suspect that firm size will be a determinant of the contracts for the 
business unit manager. Thus, firm size is expected to have a positive relation with 
the extent of the manager's compensation derived from long-term components. 

2.3. System of  equations 

Obviously, our discussion of innovation and compensation contract equa- 
tions has not examined an explicit optimization model that completely incor- 
porates the supply and demand for innovation or the costs and benefits regard- 
ing the choice of a compensation contract. We view our models as heuristic 
depictions that capture some of the important  determinants of innovation and 
compensation contracts. Moreover,  our discussion is generally consistent with 
the prior empirical literature that has examined innovation and compensation 
contracts as endogenous variables. Given the above analysis, we use the follow- 
ing nonrecursive system as the basis for our empirical study: 

innovation,+2 = f  (compensation contract,, market power,, barriers to 

entryt, worker unionizations, product life-cycler, 

firm size,, firm diversification,), 

compensation contract, = 9(innovation,+ 2, noise in performance measures,, 

expertise of the corporate CEO,, relative division 

size,, firm size,). 

There are two useful features of this system of equations. First, we allow both 
the innovation opportunity set and the compensation contract to be endooenous 

71t is also possible to motivate this hypothesis by assuming that it is inherently more difficult to 
monitor the actions of larger organizations or divisions. Rather than relying on inadequate 
monitoring to mitigate the hidden action problem, the board of directors can impose more 
compensation risk on the managers. 
8Empirical support for this proposition is provided by Fisher and Govindarajan ( 1991) and Baiman, 
Larcker, and Rajan (1995). 
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variables. Second, although the market  structure and firm characteristics in the 
innovation equation do not directly affect the choice of compensation contract, 
these variables have an indirect effect on the choice of the compensation 
contract through their impact on the innovation opportunity set. 

3. Sample, measures, aggregation issues, and econometric issues 

3.1. Sample  

The sample for our study represents the intersection of firms with data 
available from a variety of sources. In particular, we obtain our compensation 
data from the confidential compensation files of a major  U.S. human resource 
consulting firm, patent data from Chi Research Inc., accounting data for 
business segments from the 1988 Business Information Compusta t  and ac- 
counting data for the overall firm from the 1992 Compusta t  files. More specific 
information on the data files is provided when we discuss each measure used in 
our analysis. In order for a division to be included in our sample, we must have 
(at least) compensation data for the division from the compensation survey and 
patent data that matches the three-digit SIC code of the division. 

3.2. Measures  

Innovation.  The generation of new knowledge or inventive activity in orga- 
nizations is a construct that is difficult to directly measure. Much of the prior 
industrial organization work uses an input into the innovation process (i.e., 
expenditures on research and development or the number  of employees engaged 
in research and development) as the measure for innovation. Holding aside the 
problems concerning the ability of firms to exercise considerable discretion in 
accounting for research and development expenditures, the most obvious limita- 
tion is that research and development expenditures do not provide any informa- 
tion about  the success of the innovation process. In particular, research and 
development inputs do not provide any indication about  the output  of commer-  
cially viable innovations or inventions. Further, we know of no source of 
divisional research and development expenditures. 

An alternative measure for innovation that has an output orientation can be 
constructed from patent data (e.g., Griliches, 1990). 9 Obviously, the number  of 

9As reviewed by Griliches (1990), prior research generally finds a very strong positive cross-sectional 
association between the level of research and development and the number of patents generated, 
with R-squares typically on the order of 0.9. Moreover, this cross-sectional correlation is not just due 
to size differences (Bound, Cummins, Griliches, Hail, and Jaffe, 1984). However, the time-series 
correlation between patent counts and research and development is somewhat less impressive with 
R-squares typically around 0.3. 
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patents  is a noisy measure of the value of i nnova t ion  because it assumes that  all 
patents  are equal ly valuable.  Nevertheless, pa tent  counts  are one measure of 
i nnova t ion  that  is c o m m o n l y  used in the industr ia l  organiza t ion  literature. 
Moreover,  the prior  l i terature has found some evidence that  patent  counts  are 
associated with changes in firm value, subsequent  firm profits, sales growth, and 
the format ion  of new firms manufac tu r ing  related products  (Cohen and  Levin, 
1989; Griliches, 1990). 

Our  i nnova t ion  data  were obta ined  from the database  on patents  constructed 
by Chi Research Inc.1 o This da tabase  consists of the n u m b e r  of patents  granted,  

the n u m b e r  of ci tat ions to prior  patents,  and  a variety of other patent  statistics 
for approximate ly  1,100 actively pa ten t ing  firms. For  each of our  sample firms, 
we collect da ta  (where available) on  the total  n u m b e r  of patents  granted dur ing  

the five-year period from 1987 to 1991 in each three-digit  SIC code. Al though 
the da tabase  does not  report  patent  counts  for each division within a firm, we 
can match the patent  da ta  for a firm to its divisions using three-digit SIC codes. 
We deflate the patent  count  for a firm's three-digit SIC code, by total  sales (in 
millions) for all divisions of the firm with the same three-digit SIC code, in order 
to control  for cross-sectional differences in the size of the divisions generat ing 
the patents.  Divis ional  sales is the sales reported from the confidential  compen-  
sat ion data  base from the same year the compensa t ion  data  is collected (where 
sales are expressed in mil l ions of 1990 dollars). The resulting innova t ion  
measure (denoted as i nnov )  is a measure of patents  per mil l ion dollars of sales 
from a firm's three-digit SIC code.~t Since we aggregate patent  data  across all 
divisions of a firm with the same three-digit  SIC code, the key assumpt ion  in our  

~°For some institutional discussion of these data, see Buderi (1992). 

~Researchers have attempted to incorporate the differential values of an entity's patents by 
computing the number of citations in patent applications by other firms to previous patents by the 
entity (using the methods developed in bibliometrics). Patent citations differ from citations in 
journals because the patent examiner, not the patent applicant, is responsible for choosing the 
citations to previous patents and the citations represent a limitation on the scope of property rights 
established in a patent. Interestingly, Trajtenberg (1990), using computer tomography scanner 
patent and associated profit data, verifies that an index computed from patents weighted by citations 
exhibits a positive correlation with the value of a patent. To estimate citation-weighted patent 
counts, we multiply patent counts by the average citation index over the five-year time period from 
1987 to 1991. The citation index for year t measures the average number of times patents granted 
between year t 5 and year t - 1 are cited in new patents yranted in year t. Chi Research Inc. 
normalizes this index by the average number of citations per patent received by all firms in the same 
three-digit product group. Thus, a citation index of one implies a firm's patents are cited at the 
average level of other patents granted in the same product group, and an index of 1.2 would imply 
that firm's patents are cited 20% more frequently. Like the patent count data, data on the citation 
index for each firm is collected by three-digit product groups. Multiplying the citation index by the 
number of patents granted to a division provides a measure of patents weighted by citations. We 
estimated, but do not report results based on citation-weighted patent counts because its correlation 
with patent counts is 0.97. 
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matching procedure is that patents associated with a specific three-digit SIC 
code arose from a division of the firm with the same three-digit SIC code. We 
refer to the divisions of a firm which share the same three-digit SIC code as 
a product group. 

Compensation Contract. Our analysis considers two different measures of the 
compensation contract. The first measure, denoted long-term/total, is computed 
by taking the ratio of expected long-term compensation (or the sum of the 
valuations for stock options, performance plans, restricted stock, and phantom 
stock) to total expected compensation for the divisional CEO of each division of 
a company. This measure is similar to that used in prior work (e.g., Lewellen, 
Loderer, and Martin, 1987) and management consulting practice (see the dis- 
cussion in Lambert and Larcker, 1985). The second measure, denoted long- 
term-acctg/total, is calculated by taking the ratio of expected long-term compen- 
sation based on accounting performance (or the sum of the valuations for 
performance units, performance shares, and phantom stock plans that are based 
on changes in book value) to total compensation for the divisional CEO. With 
the exception that the payout from performance share plans is partially a func- 
tion of the stock price (although accounting numbers are used to determine 
whether the performance shares are 'earned out'), this measure excludes the 
price-based contingent performance. We use this second measure because the 
compensation risk imposed on the business unit manager can be tied directly to 
business unit performances, whereas price-based compensation can only be 
based on overall firm performance. 

Both measures for the ratio of long-term compensation to total compensation 
are based on expected values of the long-term components granted to a divi- 
sional CEO in a given year under the assumption that performance targets are 
met. Hence, the measures are ex ante assessments of the value of long-term 
compensation granted to an executive in a given year and are not ex post 
outcomes of the payouts under these plans. This ex ante assessment is the 
variable of interest, because we are interested in the structure of the compensa- 
tion granted to the executive, and not the ex post source of compensation 
actually earned from observed performance. 

Our compensation data are obtained from the confidential compensation 
data files of a major U.S. human resource consulting firm. These data were 
collected during mid-year 1982, 1983, and 1984 via mail survey (with follow-up 
telephone conversations to verify the accuracy of responses). The compensation 
data consist of base salary, target annual bonus, 12 and the grant parameters for 
long-term compensation arrangements (i.e., stock option, performance 

12The target annual  bonus is the expected percentage of salary that will be paid to the executive if the 
short-term performance targets are met. This variable is sometimes not available, in which case we 
substitute the actual bonus paid. On  average, actual bonuses are very close to target bonuses (see 
Holthausen, Larcker, and Sloan, 1995). 
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unit/share, restricted stock, and phantom stock plans). We use data on the 
divisional CEO, or the manager with the highest authority in a single profit 
center. The divisional CEO has business unit responsibility for sales, marketing, 
engineering, manufacturing, and research and development activities. 13 

Our incentive measures require a valuation of the value of long-term compo- 
nents of compensation granted to the divisional CEO in any given year. The 
long-term components of compensation can be tied to either the stock price 
established by the security market (i.e., stock options and restricted stock) or 
multi-year measures of accounting performance (i.e., performance units, perfor- 
mance share plans, and phantom stock plans). We value total compensation 
as the sum of annual salary, annual bonus, and an expected value for 
stock options, performance plans, restricted stock, and phantom stock. The ex- 
pected value of stock options is computed by multiplying the number of stock 
options granted by 25 % of the exercise price at the date of grant.14 The expected 
value of performance plans and phantom stock is computed by multiplying the 
number of performance units, performance shares, or phantom shares by their res- 
pective target values (or payout per unit or share if the assigned performance goals 
are met). Finally, the expected value of restricted stock is computed by multiplying 
the number of restricted shares by the price per share at the date of grant. 

Timing Issues for Innovation and Compensation. Despite our attempt to 
accurately measure innovation and the structure of the compensation contract, 
the timing of the data collection suggest a possible limitation. In particular, the 
compensation data are associated with the time period from 1982 to 1984, 
whereas the patent data are associated with the time period from 1987 to 1991. 
The observation that our compensation data are computed before the innova- 
tion data is consistent with the structural model developed in Section 2. 

13We also investigated the same system of equations using the divisional research and development 
(R&D) manager. The divisional R&D manager is responsible for all applied R&D and design and 
development engineering. The tasks of this manager include investigating practical applications of 
scientific theories, as well as the application of existing engineering and scientific theory to the design 
and development of new products. Results using the divisional R&D manager did not find 
a statistically significant relation between the form of the compensation contract and innovation. 

t4We acknowledge that this option valuation is somewhat crude. However, it is very unclear (in 
theory) how to value multi-year components of long-term compensation. For example, the options 
could have been valued using the Black-Scholes method. Holding aside the applicability of 
Black Scholes for executive stock options (see Lambert, Larcker, and Verrecchia, 1991, for a dis- 
cussion of this point), we do not have a similar (sophisticated) model for valuing performance plans 
or phantom stock. In an attempt to assess the sensitivity of our results to our method of valuing 
stock options, we also estimated our results by valuing the options at 50% of the exercise price (the 
approximate value that would be assigned to stock options with a ten-year life for typical risk-free 
rate estimates and variance parameters observed for large firms) and by valuing at the exercise price 
of the grant date. These adjustments in the compensation computation had no substantive impact 
on our results. 
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However, an important issue is whether the approximate five-year time lag 
between the compensation contract gata and the innovation data is appropriate. 
Ravenscraft and Scherer (1982) find that the lag between returns and research 
and development expenditures is approximately four to six years, and thus the 
time lag between our compensation contract and innovation data seems reason- 
able. Alternatively, if compensation contracts and innovation activity are rea- 
sonably constant t ~ o u g h  time, the exact timing of the innovation measure 
becomes less critical'. 

Market Structure. We measure market power using the four-firm concentra- 
tion ratio for the industry of the division measured during the year correspond- 
ing to the compensation survey year. For  example, in using compensation 
data for 1982, the four-firm concentration ratio is computed as the ratio of 
total sales for 1982 for the four firms with the greatest revenues to total 
industry revenues for 1982, which is based on the sum of the sales for all firms 
in the relevant three-digit SIC code on the annual industrial, research, and 
full coverage Compustat files in each year. The resulting variable is denoted 
as cr4. Market share is measured by computing the ratio of divisional 
revenues to the total revenues for all firms in the three-digit SIC code of 
the division. The market share measure is computed during the year corre- 
sponding to the compensation survey year. For example, in using compensation 
data for 1982, the market share is computed as the ratio of divisional sales for 
1982 to total industry sales for 1982. The resulting variable is denoted as 
mktshare. 

Barriers to entry are measured by computing the median capital expenditures 
to sales, research and development to sales, and advertising to sales ratios for all 
firms in the three-digit SIC code of the division, during the year corresponding 
to the compensation survey year. Rather than individually analyzing capital 
expenditure, research and development, and advertising intensity in the struc- 
tural equation, we sum these three measures into an overall index for barriers to 
entry (denoted as invest). 

We do not have a source of division-specific or firm-specific data on the 
percentage of employees that are unionized or covered by a collective bargain- 
ing agreement. As an alternative, we proxy for worker unionization using the 
results presented in Kokkelenberg and Sockell (1985) concerning their analysis 
of the Current Population Surveys. In particular, the average (over 1978 to 1980) 
percentage of unionized workers in the three-digit SIC code of the division is 
used as an estimate for the extent of unionization for the division. We assume 
that the unionization variable is reasonably stable over time. The resulting 
variable is denoted as union. 

Product life-cycle was measured using the Chi Research Inc. database. Specifi- 
cally, they compute the median age (in years) of U.S. patent references on front 
pages of a company's patents. In general, references to patents that are young 
(old) suggest that the firm is operating at an early (late) stage of the product 
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life-cycle. We again match this patent data for a firm's product groups to 
our divisional data using three-digit S ~  codes. Our measure of product 
life-cycle (denoted as pattct, where 'tct' refers to the Chi Research Inc. ter- 
minology of technical cycle time) is the average age of the patent references over 
the time period from 1987 to 1991, the period during which innovation is 
measured. 

Firm and Division Factors. We measure the size~of the total organization in 
terms of sales revenue in the fiscal year corresponding to the year when the 
compensation data was collected. For  example, if the compensation data is from 
1982, the sales revenue for the firm in fiscal 1982 is obtained from Cornpustat. In 
order to mitigate the influence of extreme observations, we take the natural 
logarithm of sales revenue (expressed in millions of 1990 dollars) and denote the 
resulting variable asfirmsize. Similarly, we measure division size as the natural 
logarithm of divisional sales (expressed in millions of 1990 dollars) and denote 
the resulting variable unitsize. We measure the relative size of the division by 
computing the ratio of sales revenue for the division (which is obtained from the 
confidential compensation survey) to sales revenue for the firm and denote the 
resulting variable as relsales. 

Firm diversification is measured using the distribution of sales revenue 
across the segments with different three-digit SIC codes reported by a 
firm on the 1988 Compustat  Business Information files. For each firm, the 
share of revenue attributable to each segment is computed. These shares 
are then squared and summed to provide a Herfindahl-like index of diversifica- 
tion. A Herfindahl index of zero (one) implies that the firm is completely 
diversified (undiversified). The Herfindahl index is measured in the same 
year as the compensation survey is collected and the resulting variable is 
denoted as hhi. 

Similar to Lambert and Larcker (1987), we measure the noise in performance 
measures using a time-series standard deviation. The noise in the market 
measure is computed from the annual standard deviation of common stock 
returns over the five-year period ending at the time the compensation data is 
collected. The resulting measure is denoted as sdcret. The noise in the ac- 
counting measure is computed from the standard deviation of the return on 
assets of the firm over the five-year period ending in the year of the compensa- 
tion survey. The resulting measure is denoted as sdcroa. 

The expertise of the corporate CEO was measured by comparing the two- 
digit SIC code of the overall corporation to the two-digit SIC code for the 
division in the year of the compensation survey. Similar to Baiman, Larcker, and 
Rajan (1995), we assume that CEO expertise is present when the corporate and 
divisional SIC codes are identical. We code this variable (denoted as dsic) as 
a one if the SIC codes differ and as a zero if the SIC codes are identical, and thus 
an increase in dsic is associated with a decrease in the expertise of the corporate 
CEO. 
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3.3. Aggregation issues 

In order to mitigate dependence among the observations, we aggregate obser- 
vations across divisions and across time. As discussed above, the innovation 
variable is measured as all patents in a company's product group (as defined by 
all divisions with the same three-digit SIC code) over the 1987 to 1991 period, 
deflated by total sales revenue across all divisions in that product group. Sales 
revenue, which is expressed in 1990 dollars, is obtained for the same year for 
which compensation data is collected. Thus, the innovation variable for a given 
year is aggregated across all divisions of a company in the same product group. 
However, for a given product group, we may have as many as three measures of 
innovation where the numerator is identical in all three measures and the 
denominator varies slightly with changes in sales revenue over time for the 
divisions (1982, 1983, and 1984). Thus, we also aggregate across the observations 
of a firm's product group by averaging the available observations over time, 
which results in a maximum of one observation for each product group of a firm. 
Our final sample consists of 299 observations from 116 different companies, with 
a median of two product groups per company. 

Since we collapse the innovation variable into one observation for each 
firm-product group, we similarly aggregate the measures of compensation, 
market structure, firm factors, and division factors. In general terms, we first 
average across all divisions in the same product group for a given year, and then 
average across the available yearly observations for a product group to create 
a single observation for each required variable. For example, compensation data 
may be available for several divisions with the same three-digit SIC code and for 
several years. We first compute the average of the available observations across 
divisions in that product group for each year, and then average the available 
yearly means over time to create one compensation measure for each product 
group within a firm. Similar aggregation techniques are followed for the market 
structure, firm factors, and division factors. 

3.4. Descriptive statistics 

Descriptive statistics regarding the compensation of the divisional CEOs for 
the final sample are presented in Table 1. The mean (median) total compensa- 
tion (measured in nominal 1990 dollars) for the aggregated observations is 
approximately $210,000 ($190,000). Although the median amount of each of the 
various forms of long-term compensation is zero for the divisional CEO, the 
median total long-term compensation is approximately $40,000. Approximately 
65% of the divisional CEOs receive some type of long-term compensation. In 
general, to the extent there is long-term compensation for divisional CEOs, its 
most significant component comes in the form of stock options or performance 
units. 
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The descriptive statistics for the variables used in the structural equation 
model for the sample of aggregated observations are presented in Table 2. t 5 The 
median firm-product group in the sample is part  of a firm with sales revenue of 
approximately four billion dollars (expressed in 1990 dollars) and about  25,000 
employees. The median firm-product group has divisions with sales revenue of 
approximately 200 million dollars (expressed in 1990 dollars) and about  1,000 
employees. The mean (median) innovation measure, number of patents for 
a product group divided by sales (in millions of 1990 dollars) is equal to 0.25 
(0.057). The divisional CEOs of the firm-product groups have mean (median) 
lono-term/total of approximately 16.5 % (15.2%) and lono-term-accounting/total 

of approximately 9.5% (0.0%). 
The relsales variable indicates that the average (median) firm-product group 

has divisions which represent approximately 10% (6%) of corporate sales. The 
variable dsic indicates that the divisions are part  of a company whose primary 
SIC code is not in the same two-digit SIC code approximately 48% of the time. 
The average standard deviation of return on assets, sdcroa, is less than 2% and 
the annual standard deviation of common stock returns, sdcret, is approxi- 
mately 30%. The variable pattct,  which measures the average age of patent 
references in the patents granted to the divisions of a firm-product group, 
indicates that the referenced patents, on average, have an age that exceeds 11 
years. 

The mean and median four-firm concentration ratios, cr4, are approximately 
0.64 and the average market  shares for the divisions in a product group are 
3.2%. The average measure of barriers to entry (sum of capital expenditures, 
research and development, and advertising relative to sales in the divisions of 
the product groups is approximately 13%. Finally, the average percentage of 
unionized empolyees, union, exceeds 30%. 

3.5. Econometric issues 

For  the nonrecursive system of equations developed in Section 2, it is 
well-known that ordinary least-squares (OLS) estimation will not provide con- 
sistent estimates of the coefficients in the structural equations. Therefore, we 
estimate our system using two-stage least-squares (2SLS) procedures. In the 

15We impute missing values for the market structure, firm factor, and division factor variables 
for those observations with available data on the compensation and innovation variables. 
Without imputation, we would only have 188 observations, whereas with imputation we estimate 
the system with 299 observations. Our imputation procedure estimates the missing values using the 
stepwise multiple regression techniques outlined in Buck (1960), Beale and Little t1975), and Little 
(1992). 
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absence  of misspecif icat ion,  the resul t ing coefficient es t imates  are  consistent ,  but  
not  necessar i ly  as efficient as full i n fo rmat ion  est imates.  However ,  there  are  two 
basic advan tages  assoc ia ted  with l imited in format ion  2SLS procedures  relat ive 
to full i n fo rmat ion  procedures .  Firs t ,  2SLS es t imat ion  may  be preferred to full 
i n fo rmat ion  es t ima t ion  techniques  in small  samples.  16 Second,  the es t imat ion  
results  may  be less affected by misspecif icat ion in the system, which will be very 
l ikely in the ear ly stages of a research inquiry.  F o r  example ,  if the innova t ion  
equa t ion  is misspecified,  but  the c o m p e n s a t i o n  con t rac t  equa t ion  is correct ly  
specified, the specif icat ion er ror  will only  affect the innova t ion  equa t ion  when 
the system is es t imated  via 2SLS. However ,  the misspecif icat ion will affect bo th  
equa t ions  when the system is es t imated  via full in format ion  es t imat ion  tech- 

niques. 
Ra the r  than  relying on n o r m a l  theory  s t anda rd  errors,  we conduc t  our  

s ta t is t ical  tests using the b ias -ad jus ted  b o o t s t r a p p e d  confidence intervals  (Stine, 
1989; Jeong  and  M a d d a l a ,  1993). Specifically,  2SLS pa rame te r  es t imates  were 
c o m p u t e d  using 500 i te ra t ions  with r a n d o m  resampling,  and  the resul t ing 
b ias -ad jus ted  conf idence for each p a r a m e t e r  were c o m p u t e d  for convent iona l  
levels of s tat is t ical  significance. This  b o o t s t r a p p i n g  a p p r o a c h  exhibi ts  several 
advantages .  First ,  it mi t iga tes  the bias associa ted  with no rma l  theory  s t anda rd  
er rors  that  arises because  they ignore the sampl ing  var ia t ion  associa ted  with an 
imputed  observa t ion .  Second,  it mi t iga tes  the potent ia l  bias in normal  theory  
s t anda rd  er rors  induced by the winsor iza t ion  of the data .  17 Third ,  since we 
use a r a n d o m  resampl ing  technique,  the b o o t s t r a p p i n g  adjusts  the confidence 
intervals  for he te roskedas t ic i ty  p rob lems  which would  likely exist even if the 
missing da t a  were not  imputed.  Four th ,  the var iables  cannot  be charac te r ized  as 
having a no rma l  d i s t r ibu t ion  (e.g., the incentive var iables  are frequently equal  to 
zero), and  b o o t s t r a p p i n g  should  provide  more  reasonable  confidence intervals  
with this type of data .  18 Final ly ,  the finite sample  proper t ies  of  2SLS are 

~'Challen and Hagger (1983) perform Monte Carlo simulations and indicate that 2SLS has more 
desirable small sample properties and is more robust to multicollinearity and specification problems 
than full information estimation techniques. 
~ Before estimation, we also winsorize the data at the first and 99th percentile because some of the 

variables have extreme observations. Although our subsequent results are based on winsorized data, 
this procedure tor winsorization at the 5th and 95th percentiles) had almost no impact on the results. 

8Since values of the compensation and innovation variables cannot take on values below zero, the 
data is potentially censored, which could result in inconsistent parameter estimates. In order to 
provide some insight into whether our results are affected by this possibility, we also estimated 
a model where the innovation and compensation variables were indicator variables indicating 
innovation (or not) and existence of long-term compensation (or not). In addition, we estimated the 
model for only nonzero values of the variables. The results of these two sensitivity analyses were 
similar to those reported. However, in order to more completely address the problems induced by 
censored data. it would be necessary to incorporate a Tobit specification in the system of equations. 



298 R.W. Holthausen et al. / Journal of Accounting and Economics 19 (1995) 279 313 

Table 2 
Descriptive statistics on aggregated firm-product group characteristics 

Sample consists of  299 aggregated firm-product group observations. With the exception of the 
innovation measure, aggregated firm-product group observations are formed by measuring observa- 
tions at the division-year level (variable definitions at the division-year level are provided at the foot 
of the table) and averaging observations for the same firm across divisions in the same three-digit 
SIC code (product group) and then across years (from 1982 to 1984). Innovation is initially measured 
at the firm-product group level (see the definition at the foot of the table) and then averaged across 
years (from 1982 to 1984). 

Mean Std. dev. Q1 Median Q3 

Endogenous variables 

Innovation 
innov 0.250 

Incentive 
It~total 0.165 
It acc/total 0.095 
In(total) 12.388 

0.535 0.010 0.057 0.210 

0.150 0.000 0.152 0.258 
0.141 0.000 0.000 0.179 
0.443 12.088 12.361 12.637 

Exogenous variables for innovation equation 

pattct 11.046 3.885 8.300 10.400 12.600 
cr4 0.645 0.133 0.569 0.640 0.723 
mktshare 0.032 0.056 0.004 0.011 0.035 
firmsize 8.267 1.021 7.678 8.279 8.926 
invest O. 128 0.070 0.085 O. 109 O. 147 
union 0.317 O. 142 0.248 0.308 0.435 
hhi 0.483 O. 196 0.347 0.467 0.562 

Exogenous variables for incentive equation 

relsales 0.105 0.115 0.032 0.063 0.135 
dsic 0.482 0.500 0 0 1.000 
sdcret 0.293 0.119 0.214 0.283 0.354 
sdcroa 0.019 0.016 0.009 0.015 0.024 
firmsize 8.267 1.021 7.678 8.279 8.926 

innov 

It/total 
It acc/total 

In(total) 
relsales 
dsic 

sdcret 

= total number  of patents granted to each firm-product group (from 1987 to 1991), 
divided by the annual  sales for divisions in the firm-product group. 

= ratio of long-term compensat ion to total compensat ion for the divisional CEO. 
= ratio of accounting-based long-term compensat ion (i.e., the sum of the value of 

compensat ion under performance share, performance unit, and phantom stock 
plans) to total compensat ion for the divisional CEO. 

= natural logarithm of total compensat ion for the divisional CEO. 
= ratio of divisional sales revenue to total firm sales revenue. 
= d u m m y  variable coded as one if the division's two-digit SIC code is different from 

the overall corporation's  two-digit SIC code and zero otherwise. 
= s tandard deviation of the stock price of the corporation to which the division 

belongs. 
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Table 2 (continued) 

299 

sdcroa 

pattct 
cr4 

mktshare 

~rmsize 
invest 

union 

hhi 

standard deviation of the return on assets for the corporation to which the division 
belongs. 

= median age of the US patent references cited in the division's new patents. 
average four-firm concentration ratio computed for all firms in the division's 
three-digit SIC code. 

= ratio of divisional revenues to the total revenues of all firms in the division's 
three-digit SIC code. 

= natural log of sales revenue for the corporation to which the division belongs. 
= median ratio of the sum of capital expenditures, research and development expendi- 

tures, and advertising expenditures, to sales for all firms in the division's three-digit 
SIC code. 

= average percentage of employees in the division's three-digit SIC code that are 
unionized. 

= Herfindahl index based on the distribution of sales revenue across all product 
groups of the corporation to which the division belongs (higher values imply less 
diversification). 

somewha t  unclear ,  and  therefore  rel iance on n o r m a l  theory  test s tat ist ics is 
ques t ionable .  

Despi te  the p rocedures  used, there  are six l imi ta t ions  inherent  in our  me thod-  
ological  app roach .  Firs t ,  our  obse rva t ions  will tend to exhibi t  some degree of 
posi t ive cross-sec t ional  dependence .  As discussed previously ,  the med ian  firm in 
our  sample  has two three-digi t  p roduc t  g roups  in our  analysis.  If there  is 
a firm-specific c o m p e n s a t i o n  s t ra tegy,  this may  induce cor re la t ion  a m o n g  the 
observa t ions ,  and  thus tend to deflate the s t a n d a r d  er rors  for the p a r a m e t e r  
est imates .  

Second,  only  the c o m p e n s a t i o n  con t r ac t  and  innova t ion  var iables  are  t rea ted  
as endogenous .  The  m a r k e t  s t ructure ,  firm factors,  and  div is ional  factors  are 
assumed  to be exogenous  or  p rede te rmined  variables .  Obvious ly ,  ident i f ica t ion 
cons ide ra t ions  require  each endogenous  var iab le  to be assoc ia ted  with some 
unique  set of exogenous  var iables  (or instruments) .  However ,  we acknowledge  
that  in the ' long run '  the firm can select the size of the o rgan iza t ion ,  the extent  of 
diversif icat ion,  the p roduc t  mix, and  o ther  i m p o r t a n t  s t ra tegic  variables.  Thus,  
our  m a r k e t  s t ructure,  firm factors,  and  divis ional  factors are  not  purely 
exogenous .  O u r  es t ima t ion  p rocedures  assume that  these var iables  are 'f ixed'  
du r ing  the t ime per iod  used to examine  the nonrecurs ive  re la t ion between the 
c o m p e n s a t i o n  con t rac t  and  innova t ion  (i.e., firms are  unable  to subs tan t ia l ly  
change  the indus t ry  and a t t r ibu tes  of their  factor  input  and  p roduc t  markets) .  

Thi rd ,  our  var iables  are  a lmos t  cer ta in ly  measured  with error ,  and  this will 
tend to p roduce  incons is ten t  es t imates  for the s t ruc tura l  equa t ion  pa r a me te r s  
and  their  s t a n d a r d  errors.  However ,  wi thout  more  deta i led  knowledge  of the 
co r re la t ion  s t ruc ture  of the measu remen t  error ,  it is difficult to de te rmine  the 
precise impac t  of these er rors  on our  in t e rp re t a t ion  of the results. 
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Fourth, there is the distinct possibility that the system of equations is mis- 
specified, because of correlated omitted variables and inappropriate zero restric- 
tions on the coefficients between the exogenous instruments and the endogenous 
variables. For example, compensation contracts are likely to be chosen to 
address issues other than the innovation problem (e.g., other types of moral 
hazard problems). To the extent our analysis does not consider all of the 
determinants of the compensation contract, we face the possibility that our 
results are affected by unidentified correlated omitted variables. 

Fifth, our instruments have relatively weak empirical associations with the 
endogenous variables. For example, the reduced form incentive equation 
exhibits an adjusted R 2 of approximately 10% and the reduced form innova- 
tion equation exhibits an adjusted R 2 of approximately 20%. Although it 
is common wisdom to assume that unacceptable instruments will cause 
the coefficient estimates to have extremely large sampling variance, recent 
work by Nelson and Startz (1990) suggests that this need not be the case. 
Thus, while our system is formally identified because each nonrecursive 
source has a unique set of instruments, the low adjusted R 2 of the reduced 
form equation can result in both low power and potential interpretation 
problems. 

Finally, the relation between innovation and compensation structure is likely 
to be influenced by industry effects or the notion that different industries have 
quite different propensities to patent their innovations (Cohen and Levin, 1989). 
In principle, industry effects could be controlled by estimating a separate system 
of equations for each industrial grouping of the divisions. Unfortunately, we do 
not have sufficient sample size within the industrial groupings to reasonably 
pursue this industry-specific approach. We attempt to mitigate industry effects 
by including an indicator variable for any two-digit SIC code which represents 
at least 5% of the overall sample. For our sample, we include an indicator 
variable for chemicals (grp28), machinery (grp35), electrical (gro36), transporta- 
tion equipment (grp37), and instrumentation (grp38). The remaining industries 
are represented by the intercept in the equation. 

4. Results 

The incentive equation in Table 3 indicates that the relation between innov 
(patent counts divided by divisional sales) and long-term~total (the proportion of 
long-term compensation in total compensation) is significantly negative 
(p < 0.20, two-tail). Thus, inconsistent with our hypothesis, we find weak evi- 
dence that increases in the innovation opportunities facing the division result in 
less reliance on long-term components of compensation. There is also evidence 
that firmsize has a positive relation with long-term~total (p < 0.05, two-tail). 
However, relsales, dsic, sdcret, sdcroa, and the industry indicator variables are all 
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Table 3 
Two-stage least-squares estimation of the simultaneous relation between innovation and incentives 
for divisional CEOs 

With the exception of the innovation measure, aggregated firm-product group observations are 
formed by measuring observations at the division-year level (variable definitions at the division-year 
level are provided at the foot of the table) and averaging observations for the same firm across 
divisions in the same three-digit SIC code (product group) and then across years (from 1982 to 1984). 
Innovation is initially measured at the firm-product group level (see the definition at the foot of the 
table) and then averaged across years (from 1982 to 1984). Incentives (denoted 'ineent') are measured 
using the ratio o f  long-term compensation to total compensation. 

Incentive equation 

Predicted 
Variable sign 

intercept 

innov ( + 
relsales ( + 
dsic ( - 
sdcret ( - 
sdcroa ( - 

firmsize ( + 
grp28 (?) 
grp35 (?) 
grp36 (?) 
grp3 7 ('?) 
grp38 ('?) 

Innovation equation 

Coefficient Variable 
Predicted 
sign Coefficient 

- 0.230*** intercept 0.445 
- 0.120" incent ~ + ) - 0.362 

0.011 pattct t - ) - 0.012 
0.001 cr4 I?) - 0.045 
0.003 mktshare C) - 2.000 

-- 0.034 fi rmsize (?) 0.132"** 
0.052*** invest (?) 0.124 

-- 0.032 union I - ) - 0.358* 
- 0.025 hhi I?) - 0.224 

0.026 grp28 (?) - 0.061 
- 0.040 grp35 I?) 0.058 

0.045 grp36 (?) 0.415" * 
grp37 (?) - 0.090 
grp38 (?) 0.297*** 

Adjusted R 2 = 5.87% Adjusted R 2 = 20,83% 

Asterisks indicate: Significantly different from zero at the 5% (***), 10% (**), and 20% (*) levels 
(two-tailed test using bias-adjusted bootstrapped confidence intervals). 

innov = total number of patents granted to each firm-product group (from 1987 to 1991), 
divided by the annual sales for divisions in the firm-product group. 

intent = ratio of long-term compensation to total compensation for the divisional CEO. 
relsales = ratio of divisional sales revenue to total firm sales revenue. 
dsic = dummy variable coded as one if the divisioffs two-digit SIC code is different from the 

overall corporation's two-digit SIC code and zero otherwise. 
sdcret = standard deviation of the stock price of the corporation to which the division belongs. 
sdcroa = standard deviation of the return on assets for the corporation to which the division 

belongs. 
panct = median age of the US patent references cited in the divisioffs new patents. 
cr4 = average four-firm concentration ratio computed for all firms in the division's three- 

digit SIC code. 
mktshare = ratio of divisional revenues to the total revenues of all firms in the division's three-digit 

SIC code. 
firmsize = natural log of sales revenue for the corporation to which the division belongs. 
invest = median ratio of the sum of capital expenditures, research and development expenditures, 

and advertising expenditures to sales for all firms in the division's three-digit SIC code. 
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Table 3 (continued) 

union 

hhi 

grp28 

grp35 

grp36 

grp 3 7 

grp38 

= average percentage of employees in the division's three-digit SIC code that are 
unionized. 

= Herfindahl index based on the distribution of sales revenue across all product groups 
of the corporation to which the division belongs (higher values imply less diversifica- 
tion). 

= product group indicator variable taking the value of one if the observation belongs to 
the chemicals product group and zero otherwise. 

= product group indicator variable taking the value of one if the observation belongs to 
the machinery product group and zero otherwise. 

= product group indicator variable taking the value of one if the observation belongs to 
the electrical product group and zero otherwise. 

= product group indicator variable taking the value of one if the observation belongs to 
the transportation equipment product group and zero otherwise. 

= product group indicator variable taking the value of one if the observation belongs to 
the instrumentation product group and zero otherwise. 

statistically insignificant at convent iona l  levels (p > 0.20, two- tail). Finally,  this 
incentive equa t ion  exhibits a very modest  R z of 5.8%. 

For  the innova t ion  equa t ion  of Table  3, there is no evidence that innovation 
has a positive relat ion with long-term~total. However, we observe that sub- 
sequent  i nnova t ion  has a positive relat ion with f irmsize (p < 0.05, two-tail), 
a negative relat ion with union (p < 0.20, two-tail), and  a positive relat ion with 
the indicator  variable for the electrical industry  (p < 0.10, two-tail) and  the 
in s t rumen ta t ion  indust ry  (p < 0.05, two-tail). The R 2 of the innova t ion  equat ion  
is 20.8%. 

The results where long-term-acctg/total is used as the incentive variable are 
presented in Table  4. As discussed in Section 3, the advantage  of this incentive 
variable relative to long-term/total is that the long-term performance measure 
can be based exclusively on divisional  performance. Since the median  division in 
the sample accounts  for only abou t  6% of corporate  revenues, this incentive 
variable may more directly measure the divisional  CEO's  performance. Hence, it 
is possible that long-term-acctg/total is a better measure for the compensa t ion  
structure for the divisional C E O  than long-term~total. In the incentive equat ion  
of Table  4, there is no evidence that the expected innova t ion  oppor tun i ty  set is 
related to the choice of the compensa t ion  contract  as measured by long-term- 
acctg/total. As in Table  3, there is evidence that long-term-acctg/total has 
a positive relat ion with f irmsize (p < 0.05, two-tail), and  relsales, dsic, sdcret, 
and  sdcroa are still unrela ted to long-term-acctg/total. 19 Three of the industry  

19When using lonff-term-acctg/total as the incentive variable, the expected sign on sdcret becomes 
positive. That is, holding sdcroa constant, we would expect that the compensation contract would 
place more weight on accounting measures with increases in the noise of market measures of 
performance (sdcret ). 
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Table 4 
Two-stage least-squares estimation of the simultaneous relation between innovation and incentives 
for divisional CEOs 

Sample consists of 299 aggregated firm-product group observations. With the exception of the 
innovation measure, aggregated firm-product group observations are formed by measuring observa- 
tions at the division-year level (variable definitions at the division-year level are provided at the foot 
of the table) and averaging observations for the same firm across divisions in the same three-digit 
SIC code (product group) and then across years (from 1982 to 1984). Innovation is initially measured 
at the firm-product group level (see the definition at the foot of the table) and then averaged across 
years (from 1982 to 1984). Incentives (denoted "intent') are measured using the ratio ~faccountim/- 
based long-term compensation to total compensation. 

Incentive equation Innovation equation 

Predicted Predicted 
Variable sign Coefficient Varible sign Coefficient 

intercept 
innov ( + 
relsales ( + 
dsic ( - 
sdcret ( + 
sdcroa ( 
hrmsize ( + 
grp28 (?) 
grp35 (?) 
grp36 (?) 
grp37 (?) 
grp38 (?) 

- 0.095 intercept - 0.911"** 
- 0.065 intent ( + ) 3.216"** 

0.018 patter ( - ) - 0.007 
0.005 or4 17) - 0.080 
0.044 mktshare 17) 3.6t2"** 

- 0.351 .hrmsize (?) 0.098* 
0.028*** im,est C) - 0.264* 
0.062*** union ( -- ) - 0.052 

- 0.051" hhi ('?) (/.168" 
- 0.030 grp28 (?) 0.209*** 
- 0.050* grp35 (?) 0.238*** 
-- 0.011 grp36 (?) 0.669*** 

grp37 (':') 0.045 
grp38 (?) 0.449*** 

Adusted R 2 = 10.93°/,, Adjusted R 2 = 3.03% 

Asterisks indicate: Significantly different from zero at the 5% (***), 10% (**), and 20% (*) levels 
(two-tailed test using bias-adjusted bootstrapped confidence intervals). 

innov = total number of patents granted to each firm-product group (from 1987 to 1991). 
divided by the annual sales for divisions in the firm-product group. 

intent = ratio of accounting-based long-term compensation (i.e.. the sum of the value of 
compensation under performance share, performance unit, and phantom stock plansl 
to total compensation for the divisional CEO. 

relsales = ratio of divisional sales revenue to total firm sales revenue. 
dsic = dummy variable coded as one if the division's two-digit SIC code is different from the 

overall corporation's two-digit SIC code and zero otherwise. 
sdcret = standard deviation of the stock price of the corporation to which the division 

belongs. 
sdcroa = standard deviation of the return on assets for the corporation to which the division 

belongs. 
pattct = median age of the US patent references cited in the division's new patents. 
or4 = average four-firm concentration ratio computed for all firms in the division's three- 

digit SIC code. 
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Table 4 (continued) 

m k t s h a r e  = 

f i r m s i z e  = 

invest  = 

union = 

hhi = 

g r p 2 8  = 

g r p 3 5  = 

g r p  36 = 

g r p 3 7  = 

g r p 3 8  = 

ratio of divisional revenues to the total revenues of all firms in the division's three-digit 
SIC code. 
natural log of sales revenue for the corporation to which the division belongs. 
median ratio of the sum of capital expenditures, research and development expendi- 
tures, and advertising expenditures to sales for all firms in the division's three-digit SIC 
code. 
average percentage of employees in the division's three-digit SIC code that are 
unionized. 
Herfindahl index based on the distribution of sales revenue across all product groups 
of the corporation to which the division belongs (higher values imply less diversifica- 
tion). 
product group indicator variable taking the value of one if the observation belongs to 
the chemicals product group and zero otherwise. 
product group indicator variable taking the value of one if the observation belongs to 
the machinery product group and zero otherwise. 
product group indicator variable taking the value of one if the observation belongs to 
the electrical product group and zero otherwise. 
product group indicator variable taking the value of one if the observation belongs to 
the transportation equipment product group and zero otherwise. 
product group indicator variable taking the value of one if the observation belongs to 
the instrumentation product group and zero otherwise. 

indicator variables are also statistically significant at conventional levels. The 
incentive equation again exhibits a very modest R 2 of 3.03%. 

In the innovation equation, there is now evidence that the subsequent amount 
of innovation has a positive relation with long-term-acctg/total (p < 0.05, two- 
tail). In addition, many of the other variables in the innovation equation also 
have a statistically significant effect on the degree of patenting activity. In 
particular, both invest (p < 0.20, two-tail) and mktshare (p < 0.05, two tail) have 
a statistically negative coefficient. These results indicate that divisions innovate 
less when they have greater market share in their three-digit SIC industry, and 
when there are greater barriers to entry. The significantly positive coefficient on 
hhi (p < 0.20, two-tail) suggests that subsequent innovation of a division is 
greater if it is a part of a less diversified firm. Similar to the results in Table 3, 
firmsize has a positive relation with innovation (p < 0.20, two-tail), while pattct 
and cr4 are statistically insignificant at conventional levels. The R 2 of the 
innovation equation is 10.9%. 

The results in Tables 3 and 4 provide only modest evidence that subsequent 
innovation is an increasing function of the proportion of total compensation 
which is long-term. Moreover, this result is obtained only when we consider that 
proportion of long-term compensation that is based on accounting perfor- 
mance. This result implies that if the exogenous determinants of the divisional 
CEO's proportion of total compensation derived from accounting-based long- 
term components changed so as to cause that proportion to increase, we should 
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expect to observe an increase in subsequent innovation for the division, holding 
the other determinants of innovation constant. Further, there is also very weak 
evidence (in Table 3, but not in Table 4) that increases in the innovation 
opportunity set result in firms compensating their division managers with less 
long-term compensation.Z° It is difficult to provide an economic justification for 
this result, as it implies that if the exogenous determinants of innovation were to 
change such that the expected innovation opportunity set increases, we would 
expect that the proportion of long-term compensation to total compensation 
would decline for divisional CEOs (holding the other determinants of the 
compensation structure constant). If firms with more innovation tend to be 
high-growth firms or firms with greater investment opportunity sets, this result 
is inconsistent with the empirical evidence in Smith and Watts (1992) and Bizjak, 
Brickley, and Coles (1993). 2 t 

With regard to the exogenous variables in the incentive equations, the 
significant positive coefficient on firm size is consistent with larger organizations 
attempting to use more long-term compensation incentives to substitute for 
monitoring, as the costs of monitoring increase with firm size. The lack of 
cross-sectional relation with the two noise variables, sdcret and sdcroa, is 
inconsistent with the time-series evidence in Lambert and Larcker (1987) and 
Sloan (1993), who find that increases in the noise associated with a performance 
signal reduce the weight placed on that performance metric in the compensation 
contract. Finally the lack of significance associated with dsic and relsales is 
inconsistent with Baiman, Larcker, and Rajan (1995), although they concentrate 
on explanations for the importance of the annual bonus component of compen- 
sation. However, it is difficult to make comparisons between our paper and the 
prior work in the incentive area, because the focus of our study and our 
methodological approach differ considerably from the existing literature. 

With regard to the exogenous variables in the innovation equation, the 
positive coefficient onfirmsize is consistent with Schumpeter (1942) who argues 
that scale is needed for innovation, but is inconsistent with the argument by 
Holmstrom (1989) that larger firms have organizational structures which will 
inhibit innovation. The other exogenous variables which were statistically 
significant at conventional levels in the innovation equation, were only signifi- 
cant in either Table 3 or 4. The negative coefficients on invest and mktshare 

2°We conducted Hausman tests to determine whether innov and incent should be treated as endo- 
genous variables. We are unable to reject the null hypothesis that innov and incent can be treated as 
exogenous variables. However, since the instruments explain a relatively low amount of the vari- 
ation in the endogenous variables, we suspect that the power of the Hausman tests is relatively low. 

2~Smith and Watts (1992) find that firms are more likely to grant stock options to their CEOs as 
their market-to-book ratios increase. Bizjak, Brickley, and Coles (19931 conclude from their empiri- 
cal work that high-growth firms place less emphasis on current performance relative to future 
performance in managerial compensation plans than low-growth firms. 
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indicate that there is less incentive to innovate when barriers to entry are high or 
when the firm has considerable market power. As such, the results on barriers to 
entry and market share are consistent with the arguments of Phillips (1965) and 
Scherer (1980), and inconsistent with Schumpeter (1942). The significant nega- 
tive coefficient on union suggests that unions can capture some of the rents 
associated with innovation and therefore highly unionized firms are less likely to 
innovate which is consistent with Acs and Audretsch (1987). The positive 
coefficient on hhi indicates that less diversified firms exhibit higher levels of 
innovation, which is inconsistent with Nelson (1959). However, this result is 
generally consistent with recent arguments about the importance of competitive 
focus for understanding firm performance (e.g., Porter, 1987). Further, there is 
no observed relation between innovation and cr4 nor pat tc t ,  which suggests that 
neither the industry's concentration ratio nor the life-cycle of the product affects 
the amount  of innovation. 

5. Level of total compensation as the incentive variable 

The rationale for investigating the compensation variables in the previous 
section is based on the hypothesis that increasing the proportion of total 
compensation arising from long-term components will provide a division man- 
ager with a greater incentive to invest in innovative activities whose payoffs are 
not immediate. However, an alternative hypothesis is that managers who excel 
at fostering innovation are granted subsequent promotions or are granted 
subsequent increases in salary. That is, rather than varying the 'mix' of long- 
term components in the managerial compensation package, firms motivate 
managers via substantial promotion opportunities and commensurate increases 
in compensation. While we cannot test that hypothesis directly, we can provide 
an exploratory test of a variant of this hypothesis using our data. 

Assume that some individuals have proven to be successful at fostering 
innovation in the past, and that those individuals earn higher equilibrium wages 
relative to those who have no proven record of fostering innovation. When 
a division faces a greater expected innovation opportunity set, the firm would 
tend to hire division managers who can foster innovation (assuming that the 
firm can capture some of the gains associated with the innovation). Thus, the 
level of ?otal compensat ion  of the divisional executive should be increasing in the 
expected innovation opportunity set. Moreover, greater subsequent innovation 
should be expected in those organizations which employ higher-paid divisional 
executives who are capable of fostering innovation. 22 

22The argument here is similar to that in Smith and Watts (1992) who argue that firms with greater 
growth opportunities will employ higher-quality managers and pay them more than firms with 
limited growth opportunities. Smith and Watts (1992) treat growth opportunities as exogenous and 
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Given this scenario, we examine another system of equations where the 
natural logarithm of the level of total compensation is used as the incentive 
variable, and several changes are made to the exogenous determinants for 
incentive equation. In particular, we substitute unitsize for firmsize in the 
incentive equation, as divisional size is expected to have a positive relation with 
level of pay (i.e., pay is an increasing function of job complexity). The noise 
measures, sdcroa and sdcret, are expected to have a positive relation with the 
level of pay because managers will demand greater wages from more risky 
employers. Relsales is expected to have a positive relation with the level of pay as 
the CEO is likely to hire higher-quality managers for a division that is relatively 
important to the total firm. The relation between the level of compensation and 
dsic is ambiguous. If the CEO desires to hire a high-quality manager for 
divisions where the CEO lacks expertise regarding the operation of the division, 
this would tend to increase the divisional manager's compensation. However, 
a less expert CEO will also tend to impose less compensation risk on the 
divisional manager, and this will lead to decreased levels of pay. Hence, the 
relation between level of pay and CEO expertise is unclear. 

The results from estimating the system of equations using the level of compen- 
sation variable as the incentive variable are presented in Table 5. The incentive 
equation provides some evidence that divisional CEOs of business units facing 
greater expected innovation opportunity sets receive higher levels of total 
compensation (p < 0.05, two-tail). This result is consistent with the findings of 
Smith and Watts (1992). As documented in many prior studies, total compensa- 
tion also exhibits a positive elasticity of approximately 0.30 with unitsize 
(p < 0.05, two-tail). Total compensation has an unexpected negative relation 
with relsales (p < 0.20, two-tail), which implies that divisional CEOs are paid 
more if the division is less important to the overall firm (holding unitsize 
constant). Total compensation is also negatively related to sdcroa (p < 0.20, 
two-tail) implying more risky firms exhibit lower pay levels, which is also 
counter-intuitive. Finally, the variable dsic has a statistically positive relation 
with the level of pay (p < 0.20, two-tail), indicating that managers of divisions 
which differ from the company's primary SIC code earn higher levels of compen- 
sation. 

Unexpectedly, we find evidence that incent (total compensation) has a negative 
relation with subsequent innovation (p < 0.05, two-tail). It is difficult to provide 
an economic rationale for the result that higher-paid divisional CEOs produce 

document  that  CEO salaries are increasing in growth opportunities. An alternative rationale for 
why the level of pay may affect innovative activity is that  if a divisional CEO is paid an amount  
which exceeds his next best alternative, the divisional CEO will be motivated to work harder in 
order to avoid losing that superior position. Thus,  the level of pay may affect the effort level of the 
divisional CEO and innovative activity. 
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Table 5 
Two-stage least squares estimation of the s imultaneous relation between innovation and incentives 
for divisional CEOs 

Sample consists of 299 aggregated firm-product group observations. With the exception of the 
innovation measure, aggregated firm-product group observations are formed by measuring observa- 
tions at the division-year level (variable definitions at the division-year level are provided at the foot 
of the table) and averaging observations for the same firm across divisions in the same three-digit 
SIC code (product-group) and then across years (from 1982 to 1984). Innovation is initially 
measured at the firm-product group level (see the definition at the foot of the table) and then 
averaged across years (from 1982 to 1984). Incentives (denoted 'incent') are measured using the log of 
the level of  total compensation.  

Incentive equat ion Innovation equation 

Predicted Predicted 
Varible sign Coefficient Variable sign Coefficent 

intercept 
innov ( + 
relsales ( + 
dsic (?) 
sdcret ( + 
sdcroa ( + 
unitsize ( + 
grp28 (?) 
grp35 (?) 
grp36 (?) 
grp37 (?) 
grp38 (?) 

Adjusted R 2 = 54.80% 

10.738"** intercept 8.623*** 
0.246*** incent ( + ) - 0.813"** 

- 0.344* pattet ( - ) - 0.012"* 
0.061" or4 (?) - 0.376 

- 0.105 mktshare (?) 0.071 
- 1.628" firmsize (?) 0.281"** 

0.304"** invest (?) - 0.153 
0.036 union ( - ) - 0.694*** 
0.011 hhi (?) - 0.154 

- 0.039 grp28 (?) - 0.041 
0.023 grp35 (?) 0.016 
0.130"* grp36 (?) 0.305*** 

grp37 (?) - 0.034 
grp38 (?) 0.297*** 

Adjusted R 2 = 21.71% 

Asterisks indicate: Significantly different from zero at the 5% (***), 10% (**), and 20% (*) levels 
(two-tailed test using bias-adjusted bootstrapped confidence intervals). 

innov = total number  of patents granted to each firm-product group (from 1987 to 1991), 
divided by the annual  sales for divisions in the firm-product group. 

incent = the natural logarithm of total compensat ion for the divisional CEO. 
relsales = ratio of divisional sales revenue to total firm sales revenue. 
dsic = d u m m y  variable coded as one if the division's two-digit SIC code is different from the 

overall corporat ion 's  two-digit SIC code and zero otherwise. 
sdcret = standard deviation of the stock price of the corporation to which the division belongs. 
sdcroa = standard deviation of the return on assets for the corporation to which the division 

belongs. 
pattct = median age of the US patent references cited in the division's new patents. 
cr4 = average four-firm concentration ratio computed for all firms in the division's three- 

digit SIC code. 
mktshare = ratio of divisional revenues to the total revenues of all firms in the division's three-digit 

SIC code. 
firmsize = natural  log of sales revenue for the corporation to which the division belongs. 
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unitsize 
invest 

union 

hhi 

grp28 

grp35 

grp 36 

grp 3 7 

grp38 

natural log of sales revenue for the division. 
median ratio of the sum of capital expenditures, research and development expendi- 
tures, and advertising expenditures to sales for all finns in the division's three-digit SIC 
code. 
average percentage of employees in the division's three-digit S1C code that are 
unionized. 
Herfindahl index based on the distribution of sales revenue across all product groups 
of the corporation to whichthe division belongs (higher values imply less diversifica- 
tion). 
product group indicator variable taking the value of one if the observation belongs to 
the chemicals product group and zero otherwise. 
product group indicator variable taking the value of one if the observation belongs to 
the machinery product group and zero otherwise. 
product group indicator variable taking the value of one if the observation belongs to 
the electrical product group and zero otherwise. 
product group indicator variable taking the value of one if the observation belongs to 
the transportation equipment product group and zero otherwise. 
product group indicator variable taking the value of one if the observation belongs to 
the instrumentation product group and zero otherwise. 

less subsequent innovation. Thus, the expectations of more innovation from 
employing higher-quality division managers are not realized in this sample. As 
seen in previous tables, union has a statistically negative relation with sub- 
sequent innovation (p < 0.05, two-tail), and firmsize is positively related to 
subsequent innovation (p < 0.05, two-tail). Finally, pattct is statistically negative 
(p < 0.10, two-tail), which implies that firms engage in more innovation in the 
early stages of a product's life cycle, consistent with Acs and Audretsch (1987) 
and Cohen and Levin (1989). 

6. Concluding remarks 

In this paper, we examine whether the proportion of total compensation 
arising from long-term components is related to the expected innovation oppor- 
tunity set and whether the extent of subsequent innovative activity is related to 
this characteristic of the manager's compensation contract. One unique feature 
of our analysis is that we conduct our tests using divisional (or business unit) 
data for the compensation contract and innovation. In addition, we allow both 
the innovation opportunity set and the compensation contract to be endoge- 
nous variables using a nonrecursive system of equations. 

Although our results are mixed, there is modest evidence that increases in the 
long-term component of the divisional CEO's compensation (especially that 
part which is accounting-based and can be tied directly to the division's 
performance) has a positive relation with future innovation by the division. The 
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appropriate interpretation of this result is that if the exogenous variables 
affecting the proportion of total compensation tied to accounting-based long- 
term components shift so as to cause that proportion to increase, we should 
expect a positive effect on the division's future innovation. However, it would 
not be appropriate to conclude that an increase in the proportion of compensa- 
tion tied to long-term components (which was not supported by a shift in the 
exogenous factors) should be expected to produce an increase in subsequent 
innovation by the firm. Further, we find no evidence that the proportion of 
total compensation arising from accounting-related long-term components is 
a function of the expected innovation opportunity set facing the division. How- 
ever, we find a weak, but unexpected negative relation between the innovative 
opportunity set and the proportion of total compensation from all long-term 
compensation vehicles. 

In order to relate our analysis to other recent work which has examined the 
compensation paid to CEOs (e.g., Smith and Watts, 1992), we also investigated 
the relation between the level of total compensation and innovative activities. 
The results of that investigation are quite different from the structural models 
based on the proportion of compensation arising from long-term components. 
In particular, we find evidence that total compensation is increasing in the 
expected innovation opportunity set, but that subsequent innovation is smaller 
in divisions with more highly paid divisional CEOs. The negative relation 
between innovation and compensation in the innovation equation is an unex- 
pected result, for which an economic rationale is lacking. 

Despite the absence of strong results and the inherent limitations of our 
empirical analysis, we believe the paper provides several significant insights 
relative to the prior literature. First, it empirically models innovative activity at 
the divisional level and uses divisional data to examine the determinants of 
innovation. Second, it extends the work on innovation beyond market structure 
and firm-wide characteristics (such as size and degree of diversification) to 
consider the effect of compensation structure on innovation. Finally, it treats 
both incentives and innovation as endogenous and estimates the effects of 
expected innovation on the choice of the compensation contract, as well as the 
effect of the choice of the compensation contract on subsequent innovation. 

There are several possible reasons for the lack of strong results consistent with 
our predictions. First, the theories used to motivate our predictions may not be 
descriptive enough to capture the problems faced in practice in designing 
compensation contracts. Second, because we are restricted to using firms which 
actively patent innovations, perhaps our tests lack power because we have not 
sampled both innovative and noninnovative firms. This could lead to a lack of 
variation in both the innovation variable and in the compensation variable. 
Third, our tests assume that the innovation problem is the only issue considered 
by t.he designers of the compensation contract. If there are other potential 
agency problems which the contract is designed to mitigate, our tests may be less 
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powerful because we have not controlled for these .influences. Fourth,  our 
measures may contain too much measurement error to detect the effects we try 
to document. In particular, the literature on innovation has debated the efficacy 
of a variety of different innovation measures, such as research and development 
expenditures, patent counts, and citation-weighted patent counts. Further, the 
appropr ia te  t ime lag between the measurement  of the compensa t ion  plan and 
the subsequent  innovat ive  activity is subject to question.  

Cohen  and  Levin (1989) conclude that  the extant  l i terature on the effects of 
firm size and  market  s tructure on innova t ion  has yielded statistically fragile and 
nonconvergen t  results. In  their review, they call for researchers to move beyond 
the simple Schumpeter ian  hypotheses and  focus on other de te rminants  of 
innovat ion .  While our  analysis represents an early a t tempt  to include the 
compensa t ion  structure at the divisional  level as a fundamenta l  de te rminan t  
of innova t ion ,  our  results do not  substant ia l ly  alter Cohen  and  Levin's  con- 
clusion regarding the nonconvergence  of the results. At this time, we do not  have 
a clear unde r s t and ing  of the factors which affect innovat ion ,  and  subsequent  
research will be necessary to provide insights into this impor t an t  organizat ional  
issue. 
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