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Abstract:
The literature offers contradictory findings about the relation between incentive pay and
innovation. On the one hand there are studies that represent the positive relation and
suggest that incentive compensation is a proper motivational tool to promote innovation.
On the other hand, some scholars point to the existence of a negative relation. In order to
clarify the diversity of existing finding, we apply meta-analysis in this study. Meta-analysis of
43 studies enables us to find a positive and significant association between incentive
compensation and innovation. Moreover we investigate the moderating role of study
characteristics on the direction and scope of the interested relation. Results indicate that the
different measures of innovation and the target group for compensation have a moderating
effect on the incentive-innovation association.
Introduction:
Studies show that firm-level innovation can lead to economic growth (e.g. Aghion and
Howitt, 2006) and this relation is intensified in technology sectors (Leary, 2002). Innovation
is a pivotal factor for firms’ and nation’s competition and the firms investing in research and
development (R&D) can get technological advantages over their rivals. People have been
considered as a key resource in innovative organization and successful innovative
organizations should know how to generate motivation and reward people (Gupta and
Singhal, 1993). One of the effective human resource strategies that can affect innovation is
reward system (Gupta and Singhal, 1993). Reward system can generate motivation in
employees to achieve different organizational goals namely, innovation. Innovation is
associated with uncertainty and employees in order to improve innovation in firms should
think about firms’ long-term success. High amount of intrinsic motivation, autonomy and
freedom are critical factors in promoting innovation (Amabile and Gryskiewicz, 1987).
Therefore reward system can be effective in fostering innovation as long as it provides
employees long-term perspective, autonomy and motivation to take risks. The aim of this
study is to review whether variable rewards provide such motivation and improve
innovation in firms.
Variable payment is widely used in firms, particularly stock options are a prevalent pay
scheme in new economy firms (Anderson et al., 2000; Ittner et al., 2003). Some school of
thought believes that applying variable payments might not be a proper stimulant for
innovation activity since incentive payments basically motivate executives to focus
extremely on short term (Walker, 2010). This can lead to the fact that individuals usually do
not have incentives to focus on long-term measurements of performance like innovation.
Some researchers indicate that extrinsic compensation by reducing intrinsic motivation,
autonomy and freedom are likely to weaken employees’ innovation behavior (Amabile et al.,
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1986; Cooper et al., 1999). Despite the evidences indicating negative effect of incentive
payment on innovation, some recent studies find that incentive payments specifically in the
form of stock option work well for innovation (Bereskin and Hsu, 2011; Francis et al., 2010;
Lerner and Wulf, 2007). These studies argue that long-term payments like stock option can
create long term commitment in executives, therefore encouraging them to foster
innovation. By reviewing previous literature, mixed results have been found relating to the
effect of incentive payment on innovation. In this study through meta-analysis we make a
systematic overview of studies that examine the relation between variable payments and
innovation.
Meta-analysis is a statistical technique that have been widely applied in economics (Stanley,
2001). Meta-analysis summarizes and integrates the results of many empirical studies. The
advantage of this method is that it eliminates confounding effect and enhances statistical
power (Cohn and Becker, 2003; Stanley, 2001). Basically, authors and journals prefer to
publish significant results and results which are more in accord with theories (Card and
Krueger, 1995). Therefore many published empirical results might suffer from publication
bias. Meta-regression analysis (MRA) helps us to detect the publication bias and identify the
precision effect regardless of bias (Stanley, 2008). In this study we analyze the results of 43
empirical studies by applying MRA in order to find genuine effect between incentive pay and
innovation.
Theoretical Framework:
The question if compensation practices can provide incentives to innovate has been
addressed by various studies. But there is no solid empirical evidence on this subject. The
current study deals with one commonly used compensation scheme which is variable
compensation. By reviewing prior studies, we could find two perspectives regarding the
impact of variable compensation on encouraging innovation. In the following section, we
extend these two arguments.
Positive impact of variable compensation on innovation:
Based on some studies, variable monetary rewards can be considered as effective
motivational tool for improving innovation (e.g. Balkin et al., 2000; Francis et al., 2010;
Honig-Haftel and Martin, 1993; Laursen and Foss, 2003; Lerner and Wulf, 2007). These
studies apply the agency theory in order to support their arguments. Agency theory
expresses that shareholders, in order to encourage managers to perform according to
shareholders’ interest, link their payment to firm performance (Jensen and Meckling, 1976).
Therefore, performance-based pay can motivate managers to exert more effort and increase
firm performance in order to get higher rewards. Regarding innovation activities, based on
Balkin et al. (2000), the payment of agents should be linked to innovation activity of firms
rather than to firms’ financial performance. Also in high-technology firms, mostly the
payment of engineers and scientists is related to meeting innovation goals (Balkin and
Bannister, 1993). Linking executives or scientists pay to innovation activity stimulate them to
allocate more resources to innovation and bear more risk (Balkin et al., 2000).
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Among different types of performance-based payments, the effect of long-term payments
such as stock options and equity compensation have been highlighted as stimulant of
innovation activity (Chang et al., 2015; Francis et al., 2010; Lerner and Wulf, 2007; Yanadori
and Marler, 2006). Specifically high-tech firms are more likely to apply this type of incentive
compensation (Balkin and Gomez-Mejia, 1985). Lerner and Wulf (2007) state that over 1990s
the uses of long-term incentives have increased dramatically among corporate R&D heads.
Innovation activities are associated with long term perspective, since the benefits of R&D
spending are realized after some years (Balkin et al., 2000). Employees who are associated
with innovation like R&D employees should also have the long-term perspective in order to
implement innovation strategy successfully. The recent study by Chang et al (2015) posits
that non-executive employees stock option have a positive effect on innovation output.
Designing employees’ compensation in the form of long-term pay can incentivize them to
focus on the firm’s long-term success and take more risk in innovation activity. Given the
long-term characteristic of innovation projects (Holmstrom, 1989), employees engaging in
these projects require to stay long-time in firms. Long vesting period of stock option is a
factor that can retain employees in their firms until their options become exercisable (Rajan
and Zingales, 2000). Moreover Francis et al. (2010) believe that long-term payment
decreases the fear of failure in executives. Innovation activity is characterized by high
uncertainty and risk, so it’s more likely that agents fail in their decision and investment in the
short-run. They are not penalized for their early failure when they receive long-term
payments like stock option, since the long-term performance of agents are considered in this
compensation (Francis et al., 2010).
There are also some studies that focus on long-term compensation on the CEO or top
management level (e.g. Certo et al., 2003; Sanders and Hambrick, 2007). These studies point
out the positive effect of the long-term incentive, stock option, on risk taking behavior.
Sanders and Hambrick (2007) in their study highlight three main effects of CEO’s stock
option reward. First, stock option can overcome the problem of CEO shirking by aligning
their interests to shareholders interests. Second, stock option can prevent myopic decisions
of CEOs. When CEOs are paid stock option, after some years they can exercise the options so
the long-term performance of the firms affect their payment and this can induce them to
have long-term investments. Third, one of the important roles of stock option is that it can
encourage CEOs to take risky decisions. Stock option allows CEOs to partake in firm’s gains,
the limited downside risk of stock option to managerial wealth provides motivation in CEOs
to undertake risky projects in order to earn the potential profit of their investment and
increase share price (Sanders, 2001; Wright et al., 2007). When executives invest largely on
uncertain projects, it is more likely that the company’s share price is affected and the firm
has bigger return (Core et al., 2003). Also top managers will not exercise their option when
the firm’s stock price goes down, so the chance of loss will decrease in this type of
compensation.
Negative impact of variable compensation on innovation:
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There are some arguments that prove the existence of a negative relation between variable
compensations and innovation. Amabile (1997) highlights the role of intrinsic motivation in
creativity. Intrinsic motivation encourages people to engage in tasks since these tasks are
challenging, interesting and involving. People are more likely to create since the interest,
challenge, satisfaction and enjoyment of the work make them feel motivated (Amabile,
1997; Amabile, 1998). In addition to creativity, intrinsic motivation is also considered as a
component of innovation in organizations (Amabile, 1988). Innovation activities are
associated with long time horizon and high uncertainty, so employees are likely to engage in
these activities when they are intrinsically motivated. Some studies in psychology and
psychological economics argue that monetary compensation such as pay-for-performance
can undermine intrinsic motivation of people in interesting tasks (e.g. Amabile, 1998; Fehr
and Gächter, 2001; Frey and Oberholzer-Gee, 1997; Lepper et al., 1973). When intrinsically
motivated people are paid stock options or bonus for doing interesting tasks like innovation,
they might lose their interests in what they are doing and only focus on the reward,
therefore their attention might be directed from innovation to monetary compensation.
Emphasizing strongly on money cause employees to carry out less precise work and only
follow ‘tried-and tested rout’ (Frey and Osterloh, 2002). It should be mentioned that the
detrimental effects of extrinsic motivation is more likely when the monetary rewards are
perceived as controlling relative to informative (Ryan et al., 1983) . When monetary rewards
are perceived as controlling, people are under pressure to achieve specific goals and their
intrinsic motivations get reduced in interesting tasks.
The negative impact of variable compensation on innovation can also be supported based on
the multitasking problem. According to this problem, when people are paid based on their
performance they mostly pay attention to the tasks whose outcomes can easily be
measured. Hence, other tasks that are less quantifiable, are neglected (Holmström and
Milgrom, 1991). For instance when a salesperson is paid based on the numbers of goods
sold, he only maximizes the short-term sale in order to earn more money but the other
activities like customer satisfaction or recognizing customer desires are ignored by him.
Therefore this motivational distortion has detrimental effect on long-term performance and
growth of the firm (Frey and Osterloh, 2002). When individuals are paid based on their
performance for innovation activity, they focus on the tasks that increase firm’s share price
and value in short run in order to increase their payment, so it’s unlikely that they invest in
innovation activity. The reason is that it takes some years that R&D investment yield its
return, which leads to lower firm’s short-term benefit (Gibbs, 2012). The multi-tasking
problem can occur in different groups who are associated with innovation activities. For
instance, top managers basically invest in short–term projects in order to increase firm’s
value and show their ability to boards (Laux, 2012). When their compensation is tied to
financial and stock price performance, they prefer to focus on tasks that enhance the firm’s
profit in the shortest way (Jensen et al., 2004). Also this type of compensation directs
mangers attention to predictable and easily measurable short-term activities, so top
managers don’t allocate resources to innovation activities since they know these activities
affect the firm value in the long-run (Hitt et al., 1996). Moreover, multi-tasking problem
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might lead R&D employees, who are closely involved in innovation, issue low quality
patents. Incentive pay might distort their incentive in a way that they only increase the
number of patents in order to enhance their payment without considering the quality of the
innovation.
Remuneration of employees can be also in the form of stock option. Stock option because of
its long term horizon is assumed to be effective in encouraging employees to invest in longterm projects (Murphy, 1999). However when R&D projects take longer than vesting period
of option, the stock option lose its impact in inducing long-term horizon (Honoré et al.,
2015).
While reviewing two arguments regarding the impact of incentive pay on innovation, the
inconsistency in empirical results can be realized. Given the importance of incentive pay in
firms and research and its critical role in innovation, we conduct a meta-analysis to examine
the true relationship between incentive pay and innovation. In the next section of the paper
we introduce the applied methodology to find the real relationship.
Method:
Empirical results are diverse across studies since they apply different data sources, model
specifications, and various measurements of variables. Deriving clear inferences using
qualitative reviews might be difficult despite of these differences. In this situation using an
effective technique which systematically review empirical finding on specific subject might
be helpful. Meta-regression analysis, by reviewing all existing empirical studies
comprehensively and aggregating the results of various studies, can provide more authentic
estimates than the individual study (Stanley and Doucouliagos, 2012). In this study we have
searched in the literature to find the empirical studies that have explored the relation
between variable pay and innovation. In the following section we explain the criteria we
have used to collect the sample of studies.
In order to select our sample we have searched Google scholar, Elsevier, Business Source
Premier and Jstor databases for the combination of the keywords “pay for performance”,
“incentive pay”, “executive compensation”, “CEO compensation”, “employee
compensation”, “innovation”, “R&D” and “R&D intensity”. In order to find further studies we
also used the references cited in these surveys. Data collection is limited until September
2014, so any paper published after this date has not been included in the sample.
We adopted some criteria to include studies in the sample. First, studies that consider
variable payment of managers, employees and R&D heads are included. Relating the
measurements of compensation and innovation, both long-term and short-term
compensation and patent, R&D intensity and innovation performance have been considered.
Second, in addition to published studies we also included working papers in order to reduce
publication bias. Third, the studies should provide enough statistical information to be able
to calculate the effect size. Therefore we excluded studies that do not include information
like t- values and sample size which are necessary for determining the effect size. Fourth,
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studies that are published in English are taken into account. The extensive review of the
literature enabled us to find 43 studies that report 301 estimation of compensationinnovation relationship. Each study by applying different measurements of variables or
different models might report more than one estimation of compensation-innovation
association. Therefore we have 301 estimations for 43 studies.
Measurements:
Effect size: Our dependent variable is effect size that measures the strength and direction of
compensation-innovation link. The reported coefficients within studies cannot be considered
as a dependent variable since using different approaches in studies make them
incomparable. Instead, we can use effect size that encodes relationship of interest in to a
common index. The effect size that we use in this study is partial correlation. It measures the
correlation between compensation and innovation. We calculate partial correlation as
follows:
𝑟=

𝑡
√𝑡 2 + 𝐷𝑓

Where t reports the t-statistics of the regression coefficient and Df denotes the degree of
freedom of t-statistics.
Moderator variables:
One of the principal applications of meta-regression analysis is to identify the effect of
different study characteristics on estimated compensation-innovation association. Each of
43 studies used different dataset, different specification, different time periods, different
control variables and different industry. Applying meta-regression analysis enables us to
detect quantitatively the impact of these differences in study characteristics on estimated
compensation-innovation link. In the following we consider set of moderator variables to
control for the effect of different study characteristics.
Theoretical aspect:
We collected the data about the underlying theory at the study level. The studies develop
different theories in order to discuss the relationship between compensation and
innovation. We divided these theories into three categories namely agency theory,
crowding-out theory and other theories. The agency theory category relates to the group of
studies that discusses agent-principal theory. The crowding out theory category includes all
studies that discuss crowding out theory, behavioral or psychological economics theory. The
studies that develop other theories than the first two groups are placed in the third group.
We constructed dummy variables for each group; 1 if each study discusses specific theory in
the categories considered, and 0 otherwise.
Publication outlet:
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We controlled whether the study is published in a journal or is still a working paper.
Moreover we considered the type of journal in which the study has been published. We have
three categories for the type of journal: Economics, Management/Business and Finance and
each category has been indicated by dummy variables. We also collected data about the
impact factor of each journal. Impact factor illustrates the average number of citation that
an article receives in the first two years after publication from other articles. Basically each
journal provides its impact factor so information regarding this variable can be found in the
website of journals. We considered the impact factor of zero for working papers. We also
controlled for the time that each study was published.
Sample characteristics:
The sample of each study has particular characteristics. We controlled for some of these
characteristics in sub-effect level. First we gathered the data regarding the nationality of the
firms existing in the sample. More than 50% of studies considered US firms therefore we
constructed a dummy indicating whether the study is US-based or non-US based. The type of
industries is another factor that we controlled. Three categories of Manufacturing, service
and high technology industry are constructed and dummy variables are considered for each
category. Concerning the compensation, we consider the group of people whose
compensation is selected. Basically the studies in the meta-analysis took into account the
compensation of different groups that we summarized to three categories: Managers, R&D
heads and employees.
Methodological aspect:
We documented the method of analysis that estimates the compensation-innovation
association. NonOLS is a binary variable taking the value of 1 if the study applies estimators
other than OLS. This study also considered whether studies included industry fixed effect,
time period fixed effect and time-lag effects in the estimation. Time-lag effect relates to the
lag of main explanatory variable, i.e. compensation variable. There might be less
methodological problems in studies that control for industry and year fixed effects since they
remove some confounding factor of the compensation-innovation link.
Data:
The studies used different databases in order to answer their research questions. Some of
the studies also conducted survey to collect data. So we control whether the studies applied
secondary databases or they did survey to gather data. Types of the data that are used are
also documented as panel and cross-section data. Furthermore we controlled for the time
period of data and defined four time intervals to cover the whole time periods: 1980-89,
1990-99, 2000-09, and 2010-14.
Control variables:
In order to measure innovation and compensation, different specifications have been
applied. We try to summarize these methods of measurements to particular categories. In
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the case of innovation, the most common measurement was patent and patent citation.
Other frequent measures in selected studies are R&D intensity (defined as ratio of R&D
spending to sales) and spending on R&D. Innovation performance (defined as a scale or
dummy variable) is also reflected in some studies as measure of innovation. In the sample of
studies selected, the compensation measurements comprise cash payment, bonus, stock
and stock option. Furthermore we control for the time period analyzed by each study and
defined four time intervals to cover the whole time periods: 1980-89, 1990-99, 2000-09, and
2010-14.
The selected studies in their models control for factors that affect compensation and
innovation with different control variables. By reviewing all the control variables, they can be
divided into two groups; CEO characteristics and firm characteristics. Firm characteristics
include firm size, firm age, firm performance and firm growth and CEO characteristics
comprise CEO age, tenure, background and ownership. So we include these two groups in
the moderator variables in order to document the control variables of studies since these
variables might affect the size of estimated compensation-innovation effect.
Table A1 summarizes all the moderator variables. Table A1 illustrates that 98 percent of
studies focus on manufacturing industry, 77 percent of studies used US firms data, 49
percent of studies used patent and patent citation as measurement of innovation, and 70
percent of studies used stock option as proxy of variable compensation.
Reporting bias analysis:
Reporting bias, which is the propensity in reporting statistically significant results, has been a
serious concern in social science and medical research. The bias can be considered as a
threat to empirical inference and validity of policy implication that are drawn from empirical
results (Doucouliagos and Stanley, 2013; Stanley and Doucouliagos, 2014). Reporting bias is
also a widespread problem in economics and as De Long and Lang (1992) found, it is present
in top economic journals. Moreover Doucouliagos and Stanley (2013) in their recent study
documented ‘substantial’ and ‘severe’ publication bias among 87 separate areas of
economics that comprises more than three and half thousands empirical economic research.
Reporting bias can be distinguished by two tests: funnel plot test and FAT test (Egger et al.,
1997; Stanley and Doucouliagos, 2010).
Visual examination of funnel plot is usually used in order to detect publication selection
(Stanley and Doucouliagos, 2010). Funnel plot is a scatter diagram that can be drawn with
effect size on the horizontal axis and its estimated precision (precision is inverse of
estimates’ standard error, 1/SE) on the vertical axis. Asymmetric or skewed funnel plot can
indicate the presence of publication bias, since as a consequence of publication or reporting
selection, the estimates are biased and the true empirical effects are exaggerated. In
contrast, symmetric funnel plot around the mean of effect size can show that there is no
reporting bias in the literature.
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In addition to funnel plot, FAT (funnel asymmetry testing) can be applied to identify
reporting bias more precisely (Egger et al., 1997; Stanley, 2005). In this test, meta-regression
analysis is used to examine the presence of reporting bias and also detect the genuine effect
between two variables of interest. When the reporting bias is absent, all the results have
equal chance to be accepted for publication therefore estimated effect size and its standard
error have no relationship. However, in the presence of reporting bias, there is significant
relationship between effect size and its standard error since the lower precision estimation
(higher standard error) should report larger effect size in order to get statistically significant
result and be published. Therefore:
𝑟𝑖 = 𝛽0 + 𝛽1 𝑆𝐸𝑖 + 𝑣𝑖

(1)

where 𝑟𝑖 is partial correlation, 𝑆𝐸𝑖 is its standard error and 𝑣𝑖 is error term. Study
characteristics such as data sources, time period, specifications can also be considered as
explanatory variables in this equation. Testing H0: 𝛽1 = 0 that is the test of the funnel
graph’s asymmetry (FAT) can illustrate whether there is reporting bias (Stanley, 2005) and by
testing H0: 𝛽0 = 0 the genuine effect between compensation and innovation adjusted for
reporting bias can be found out. The latter test is called precision effect test (PET) by Stanley
(2005). For estimating this meta-regression model, ordinary least squared (OLS) cannot be
applied since this model has heteroskedasticity and 𝑆𝐸𝑖 and 𝑣𝑖 vary from one study to the
next. Each study might apply different specification, different sample size or different data
base, so the 𝑆𝐸𝑖 and 𝑣𝑖 may not be equal. Therefore weighted least square (WLS) can be
used in order to estimate the model. Stanley and Jarrell (1989) suggest that in order to
correct for heteroskedasticity both sides of the equation can be divided by 𝑆𝐸𝑖 then:
𝑡𝑖 = 𝛽1 + 𝛽0 (1⁄𝑆𝐸𝑖 ) + 𝑒𝑖

(2)

where 𝑡𝑖 is the t-statistics of each estimated empirical effect, and 1⁄𝑆𝐸𝑖 is precision. In this
equation the slope of precision, 𝛽0 , indicates the genuine effect between compensation and
innovation and the intercept, 𝛽1 tests the reporting bias. In this study meta-regression
model (2) has been used in order to do FAT and PET tests.
Meta-regression Analysis:
In this study as explained in previous section, weighted least square (WLS) has been applied
to estimate meta-regression model. In order to estimate meta-regression model, fixedeffects and random-effects models can be applied. The assumption of fixed-effect model is
that all studies are sampled from the same population and they estimate one true effect
size. In this case the one source of sampling error is within studies differences. In fixed effect
model, the weight assigned to each study is inverse of effect size variance (within-studies
variance). In contrast, random-effect model assume that studies sampled from several
population and estimate various effect size. Random–effect model weigh each study by
inverse of effect size variance but in this model the variance contains two components,
within-studies variance and between-studies variance (Borenstein et al., 2007).
Results:
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Reporting Bias Test:
Funnel Plot. Visual inspection of funnel plot is one way to detect reporting bias. Figure 1
presents the distribution of the estimates with partial correlation of compensation and
innovation on horizontal axis and its inverse standard error (precision) on vertical axis. As
can be seen in the figure, the plot is relatively symmetric, numbers of studies that reported
positive results on compensation-innovation link are roughly equal to studies that reported
negative results. So according to the plot, we can conclude that reporting bias in the
selected compensation-innovation literature is absent.
--------------------------------Insert Figure 1 about here
--------------------------------FAT test. Based on equation (2) we can do the FAT test in order to examine the presence of
reporting bias. First we run this model without control variables. Table 1 presents the results
of this test. This meta-regression model can be estimated by WLS and it is weighted by
precision of a study. The first column relates the results of fixed effects and the third column
reports the results of random-effects model. We also cluster meta-regression by study; the
results are comparable to the sub-effects model. As we can see in the results in both cases
the intercepts are insignificant so there is no evidence of reporting bias in the sample of
studies selected. This statistical result confirms our visual impression from funnel graph
(Figure 1). We found symmetric funnel graph that is in line with finding insignificant
intercept in equation (2).
PET test. In order to find the genuine empirical effect regardless of reporting bias, we
employ meta-regression analysis. In this test we try to estimate the coefficient of precision
in equation (2), therefore this test called precision-effect test (PET) (Stanley, 2005) . The
results of the test can be found in Table 1. As can be seen in the results, the coefficient on
precision is +0.07 and significantly positive presenting that when all studies are considered,
variable compensation is positively correlated with innovation. By controlling for study
diversity (Table 3), the positive corrected effect hold.
--------------------------------Insert Table 1 about here
--------------------------------Firms in different countries are likely to be different regarding the compensation and
innovation strategy. For instance the innovation pattern of German firms is different from
US and UK firms (Soskice, 1997). Regarding the compensation schemes, US executives own
more shares than other countries like Japan (Kaplan, 1994). Two surveys in US and Europe
which provide information on individual incentive pay during 2000 to 2006 also report
striking difference in the diffusion of employees’ incentive pay across countries (Bryson et
al., 2012). Thus in order to consider country-specific effect of compensation on innovation,
we attempt to separately estimate the compensation-innovation link in US and non-US
firms. The results of this analysis are shown in Table 2. We apply WLS and fixed effect model
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to estimate the relation. According to the findings in both US and non-US firms the
coefficient on precision is positive and significant which suggest variable compensation has a
positive effect on innovation in United States as well as in non-US countries. However the
compensation- innovation effect is slightly larger in United States which is expectable since
US in compare with other countries apply more incentive payment schemes for individuals
(Bryson et al., 2012).
--------------------------------Insert Table 2 about here
--------------------------------In the next stage we run the equation (2) including study characteristics in order to
investigate the mediating effect of different study specifications on compensationinnovation relation. For example this equation can be used to identify whether differences
between short-term and long-term incentive pay and differences between input or outputbased measures of innovation activity affect estimated size of compensation–innovation
effect. Differences in study characteristics can be considered as a source of potential
differences in estimates of compensation-innovation effect. Initially, we include all
moderator variables in the base regression model. The results are presented in column 2 of
Table 3. As can be seen in the results, many of the moderator variables are insignificant in
this model. In the next model the general-to-specific modeling strategy has been applied
(see Hendry, 1995). According to this strategy the insignificant variables are sequentially
eliminated until all the remaining variables are statistically significant at 10 percent level of
significance. By adopting this strategy the redundant and insignificant variables are removed
and clarity can be improved. The final model is displayed in column 3. The meta-regression
results presented in column 4 and 5 relate to only studies that used R&D intensity and
patent activity as the measure of innovation, respectively. This allows the investigation of
the effect of different incentives on estimated compensation-R&D intensity and
compensation-patent effects. Previous studies find different effect of incentive schemes on
input and output-based measure of innovation. For instance while short-term incentives
have been found to have a negative effect on input-based measure of innovation (e.g. Xue,
2007), they do not have effect or have positive effect on output-based measure of
innovation (e.g. Burhop and Lübbers, 2010; Lerner and Wulf, 2007). So the incentive
variables (stock option, stock and bonus) are the key variables of interests in these analyses.
Results presented in both general and specific models indicate that the positive effect
between compensation and innovation hold even after controlling for main differences
between studies. Regarding the theories developed by studies, the coefficient on crowdingout theory is positive and significant which suggest that studies discuss crowding-out theory,
behavioral or psychological economics theories report larger compensation-innovation
effect. According to the results, types of journal in which the studies publish affect
compensation-innovation association. A smaller compensation-innovation effect emerges
when studies publish in finance Journals compared with studies that publish in management
and business journals as a base group. Also studies publish as a working paper report lower
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link rather than studies publish in a journal and this highlights the difference between
findings of working and published papers. This difference might be due to the fact that
working papers usually have not been peer reviewed. The coefficient on variable Year 20102014, capturing the time period of data used (with the year 1990-1999 as the base), is
positive and significant in 10 percent level. This finding can show that the interested
association might be larger in recent years compared with prior decades.
The target group of compensation does make a difference. Considering the incentive scheme
of employees rather than managers (CEO and managers are base group) results in lower
positive compensation-innovation effect. This finding suggests that incentive pay persuades
managers more to invest in innovation activities, relative to employees. So by comparing
managers and employees, variable compensation can be considered as a more effective
motivational tool in risk taking for managers. In line with this finding, Bova et al. (2012) point
out to the setting that when executives are motivated to take more risk, incentive scheme
(stock holding in their study) might mitigate non-executive employees risk-taking.
Moreover the measure of innovation activity and variable compensation exert a moderating
effect on compensation-innovation relation. As can be seen in the results, negative and
significant coefficient on innovation performance reveals that studies that use innovation
performance as measurement of innovation reported lower compensation-innovation link,
rather than studies that applied numbers of patent and patent citation as proxies of
innovation (Patent and citation is base group). The variable innovation performance relates
to study that conducted the survey to collect data and they measure innovation with dummy
or scale variables. Regarding measurement of variable compensation, compensationinnovation link is larger when stock ownership has been used as a measure of variable
compensation.
Relating type of data in studies we could find that using cross-section data result in higher
link rather than panel data (Panel data is a base group).
The inclusion of Firm and CEO characteristics as control variables does not affect the
reported compensation-innovation effects. After controlling for other study characteristics,
there is no difference in compensation-innovation effect between studies that use
secondary database and did survey. Similarly, considering industry, year dummy and time lag
effect produce the same compensation-innovation effect, once other study differences are
controlled for.
In column 3 of Table 3 we restrict our sample to studies that measure innovation with R&D
spending and R&D intensity. In this column we can see how different measurements of
variable compensation affect compensation-R&Dintensity association. Among incentive
variables, only Bonus variable is statistically significant. Measuring compensation with shortterm incentive tend to decrease the reported compensation-R&Dintensity effect. This is in
line with finding of study by Xue (2007) which states that accounting-based compensation
like cash bonus cannot provide risk taking incentives in managers to pursue innovation
through internal R&D. Moreover, to explore the effect of short and long term incentives on
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compensation–patent association we consider only studies that measure innovation by
patent and patent citation and the results can be found in column 4. In both columns of 3
and 4 some of the variables are excluded because of multicollinearity. When variable
compensation is measured in terms of stock option, the compensation–patent effect is
lower whereas measuring compensation with stock ownership increases the magnitude of
reported compensation-patent correlation. Thus stock ownership and stock option, as longterm incentives, have different effect on compensation–patent association. This is consistent
with the argument by Sanders (2001) states that stock option and stock ownership have
different effect with regard to risk taking.
We could not find significant effect for many control variables which indicate the
insensitivity of compensation-innovation association to these variables. However this does
not imply that these variables should not be considered in empirical investigation. Based on
the results we could also find significant effect for some variables which can explain the
variation in reported compensation-innovation estimates.
--------------------------------Insert Table 3 about here
--------------------------------Conclusion:
The compensation-innovation association is of great importance. Many empirical studies
attempt to find the type of compensation that can stimulate innovation. Narrative review of
the relation between compensation and innovation in prior empirical research, reveals how
diversified the results are and drawing general conclusion is difficult based on these results.
Therefore the inconsistencies in the previous empirical results provide incentive to apply a
method that integrates the previous findings to draw general conclusion regarding the
compensation-innovation association. Meta-analysis is a method that through a systematic
approach is able to estimate the magnitude of the relationship between interested variables.
In this study, by using meta-analysis, the association between incentive pay and innovation
has been examined. Furthermore, by this approach a better estimate of the strength of the
relationship between compensation and innovation can be achieved. Moreover in this study
we identify the sample characteristics that act as mediating factors in the interested
association.
In this study we apply MRA to 43 empirical studies that report 301 estimation of
compensation-innovation relationship. No evidence of publication bias can be found among
the selected studies. According to MRA results when all studies are considered, there is a
positive and significant relationship between incentive pay and innovation1. However this
association is weak. Therefore the finding of this study is consistent with those theories that
emphasize incentive pay as an important factor in encouraging innovation. We also check
whether there is country-specific association between variable compensation and
1

The results of this study cannot be generalized to service sector since this sector only comprises 2% of the
whole sample. So the results basically relates to manufacturing sector.
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innovation. The positive association appears for both United States and non-United States
and this relation is slightly stronger in the United States context.
The other conclusion that can be drawn from analysis is that the variation in published
compensation-innovation effects across studies can be due to differences in data, sample
characteristics, type of journal and measures used. The results reveal that the target groups
for compensation is important in the relation being studied and it seems incentive payments
are more effective for managers rather than employees. Thus the results indicate that
incentive payments do not have similar effect on managers and employee with regard to
innovation activity. Moreover, different measurements of innovation and compensation give
rise to different compensation-innovation correlation, which means that the way innovation
and compensation are measured, affect the results.
With reviewing the compensation-innovation effects literature, some weaknesses in this
literature have been found out. First, the majority of studies examine this relation in United
States so little is known of the effect in European countries. So further studies that analyzing
this association in European countries are needed. Second, further investigation is required
to identify the relation between variable compensation and innovation in service sector
since approximately 98% of studies in the sample focus on manufacturing industry. Third,
according to studies in the sample little is known of the effect with regard to R&D employees
therefore one possibility for further research is to examine the relation for R&D employees.
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Table 1. FAT-PET-MAR Test
Dependent variable: t-statistics (1)

(3)
Sub-effect,
randomStudy-effect effect
0.07***
0.072*
(4.97)
(2.10)
-0.410
-0.45
(-1.14)
(-0.45)
301
301
0.073
0.037
(2)

Sub-effect, fixed
effect
Percision
0.072***
(3.41)
Constant (Reporting bias)
-0.46
(-0.64)
Number of observation
301
R-squared
0.037
***p < 0.001, **p < 0.01, *p< 0.05
t-statistics are reported in parentheses

Table 2. FAT-PET-MAR Test
Dependent variable: t-statistics (1)
US studies, fixed
effect
Percision
0.08**
(3.01)
Constant (Reporting bias)
-0.7
(-0.80)
Number of observation
233
R-squared
0.03
***p < 0.001, **p < 0.01, *p< 0.05
t-statistics are reported in parentheses
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(2)
Non US studies,
fixed effect
0.054*
(2.02)
0.41
(0.48)
68
0.05

Table 3. FAT-PET-MAR Test with moderator variables
(1)
(2)
Dependent variable:
General
model
Specific
model
t-statistics
percision
0.2***(5.05)
Theretical aspect:
Agency Theory
0.007(0.01)
Crowding-out Theory
3.67**(3.27)
Publication time & outlet:
Publication year
0.052 (0.45)
Economics
1.925 (1.37)
Finance
-4.13**(-2.92)
Working paper
-3.087†(-1.74)
Impact Journal
-0.23 (-0.46)
Sample characteristics:
non_US firms
0.214(0.11)
service
1.173(1.00)
High technology
1.59†(1.93)
Employees
-4.458*(-2.29)
R&D heads
-2.171(-0.75)
Data and time:
Survey
1.08(0.54)
Cross section
2.454†(1.88)
Year 00_09
-2.47(-1.57)
Year 10_14
7.022†(1.93)
Measures:
R&D intensity
-0.6(-1.04)
Innovation performance
-4.728**(-3.11)
Stock options
-1.015(-0.99)
Stocks
1.945**(2.64)
Bonus
0.117(0.13)
Controls & Methodological
aspect:
Firm charecteristics
0.085(0.07)
CEO characteristics
0.391(0.26)
Industry dummy
-0.46(-0.46)
Year dummy
1.084(0.73)
Time lag effect
-0.436(-0.43)
non_OLS
0.747(0.90)
_cons
-106.5(-0.46)
N
273
***p < 0.001, ***p < 0.01, **p< 0.05,†p< 0.1
t-statistics are reported in parentheses

0.122***(5.14)

(3)
Input-based
measure of
innovation (R&D)
0.391***(4.25)

----2.64***(4.49)

-0.0701(-0.02)
2.612(0.57)

1.356(0.47)
4.62(1.60)

---------2.6***(-3.51)
-2.46***(-3.56)
-----

-0.126(-0.41)
-5.057(-1.62)
-4.505(-1.72)
-2.3(-0.54)
0.4(0.44)

0.251(1.32)
----1.66(0.99)
----1.622**(3.07)

-------------2.24*(-2.48)
-----

-----3.08(-0.34)
1.93(0.98)
6.151(0.45)
-----

----0.95(0.34)
0.772(1.29)
1.075(0.27)
-----

----1.639**(2.69)
---------

--------0.072(0.02)
4.533(0.96)

-----------------

-----3.246**(-3.14)
-------------

---------2.683(-1.35)
-0.87(-0.58)
-3.338*(-2.15)

---------2.844***(-5.13)
4.525***(8.12)
-----

6.063(1.15)
---------3.83(-1.02)
-2.521(-1.02)
0.102(0.06)
246.3(0.39)
113

0.472(0.23)
3.426(0.82)
-3.194***(-3.46)
0.291(0.09)
3.452***(3.46)
2.181(1.44)
-509.8(-1.34)
128

-------------------------0.233(-0.33)
273
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(4)
Output-based measure of
innovation (Patent and
citation)
-----

Table A1. Moderator variables for meta-regression analysis
Moderator Variables
Agency Theory
Crowding out theory
Other
Workingpaper
Journal
Economics
Management/Business
Finance
Impact Joural
Publication year

Definition

Mean (standard deviation)

=1, if a study argues agency theory

0.425 (0.5)

=1, if a study argues crowding out theory

0.142 (0.350)

=1, if a study argues other theory

0.68 (0.460)

=1, if a study publishes as a working paper

0.305 (0.461)

=1, if a study publishes in a journal

0.7 (0.461)

=1, if a study publishes in an economic journal

0.3 (0.457)

=1, if a study publishes in a management/business journal

0.312 (0.464)

=1, if a study publishes in a finance journal

0.241 (0.43)

Impact factor of journal

1.311 (1.5)

Year that the studies publish

2008.369 (5.147)

=1, if estimate relates to US firms

0.774 (0.42)

=1, if estimate relates to non US firms

0.212 (0.41)

=1, if estimate are for manufacturing sector

0.98 (0.152)

=1, if estimate are for service sector

0.093 (0.3)

=1, if estimate are for high technology sector

0.2 (0.4)

Managers

=1, if estimate relates to managers

0.255 (0.437)

R&D heads

=1, if estimate relates to R&D heads

0.066 (0.25)

Employees

=1, if estimate relates to employees

0.146 (0.353)

=1, if OLS model is used

0.435 (0.5)

=1, if other models except OLS are used

0.564 (0.5)

=1, if industry specific fixed effects are used

0.521 (0.5)

=1, if year specific fixed effects are used

0.52 (0.5)

=1, if a model includes lagged compensation

0.501 (0.5)

=1, if a study uses secondary database

0.88 (0.325)

=1, if a study conducts a survey

0.19 (0.4)

USfirms
non_USfirms
Manufacturing
service
High technology

OLS
Non OLS
Industry dummy
Year dummy
Time lag effect
Secondary
Survey
Panel

=1, if estimate relates to panel data

0.8 (0.402)

=1, if estimate relates to cross-sectional data

0.2 (0.4)

Cash

=1, if estimates relates to cash payment

0.308 (0.462)

Bonus

=1, if estimates relates to bonus payment

0.524 (0.5)

Stocks

=1, if estimates relates to stock payment

0.232 (0.423)

Stockoptions

=1, if estimates relates to stock option payment

0.707 (0.455)

Patent/citation

=1, if estimates relates to patent/patent citation

0.491 (0.5)

innovation performance

=1, if estimates relates to innovation performance

0.132 (0.34)

R&D intensity/spending

Crosssection

=1, if estimates relates to R&D intensity/spending

0.401 (0.491)

year 80_89

=1, if estimates relates to year 80_89

0.09 (0.286)

year 90_99

=1, if estimates relates to year 90_99

0.737 (0.44)

year 00_09

=1, if estimates relates to year 00_09

0.654 (0.476)

year 10_14

=1, if estimates relates to year 10_14

0.013 (0.114)

=1, if a model includes firm characteristics variables
=1, if a model includes CEO characteristics variables

0.823 (0.381)
0.6 (0.5)

Firm charachteristic
CEO characteristic
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