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ABSTRACT:   Two theories of entrepreneurial action, Creation Theory and Discovery Theory, generate different predictions about effectors of innovation. We focus on a micro-level entrepreneurial setting where we can isolate the behaviors of individuals.  In this setting, we develop a collection of hypotheses on the decision paths of individuals in entrepreneurial settings to identify whether individual-level behavior is consistent with creation theory or discovery theory.  We test the hypotheses empirically on inventor patenting patterns (N=6559 patents) in publicly-traded diagnostic firms (N=47). Our results support the implications of creation theory and fail to support the implications of discovery theory.   Our evidence suggests that inventors in this entrepreneurial setting behave in a manner that is consistent with creation theory.
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As  demonstrated in Alvarez and Barney (2005), there are two explanations of entrepreneurial action in the entrepreneurship literature: Creation Theory and Discovery Theory. In the discovery theory framework, entrepreneurs discover opportunities created by exogenous shocks and then choose to take action to pursue these opportunities.  Entrepreneurs differ from non-entrepreneurs in their ability to discover opportunities which is driven by differences in social networks, experiences, search process, absorptive capacity, intelligence, and cognitive attributes (Shane (2003).   In the creation framework, entrepreneurial opportunities are created endogenously by creative entrepreneurs who develop opportunities through their own creative actions.  In this context, the entrepreneurs differ from non-entrepreneurs in their capacity to create new opportunities.

These two theories generate different predictions about what specific resources facilitate innovation by individual entrepreneurs.  The two theories also generate different predictions of innovation patterns of individuals.  By examining the innovation patterns of individual inventors (i.e. how previous innovation behavior affects subsequent innovation behavior), we can infer whether individual behavior is consistent with opportunity creation or opportunity discovery. 

Specifically, in this project, we examine how inventors within entrepreneurial firms generate innovations in new areas of research and we compare these patterns to the implications of the creation and discovery theories.  We focus on the behavior of individuals because the discovery and creation frameworks are fundamentally about the actions of individuals.  In entrepreneurial settings, it is individuals that make decisions under uncertainty (Alvarez and Barney 2005) individuals that recognize opportunities (Shane 2003), individuals that bear risk (Wu and Knott 2006), individuals that bring knowledge and experience to the firm (Shane and Khurana 2003; Nanda and Sorensen 2006),  and individuals who develop entrepreneurship specific human capital (Campbell 2007).  Because understanding the behavior of individuals is critical to entrepreneurial action, we focus on a micro-level entrepreneurial setting where we can isolate the paths of actions at the individual level.  
In this paper, we develop a collection of hypotheses on the decision paths of individuals in entrepreneurial settings to identify whether individual-level behavior is consistent with creation theory or discovery theory.  We test the hypotheses empirically on inventor patenting patterns (N=6559 patents) in publicly-traded diagnostic firms (N=47). Our tests of discovery and creation theories in the setting of inventors in patent-generating diagnostics firms provide evidence that inventors in this entrepreneurial setting behave in a manner that is consistent with the implications of the creation theory.

Characterizing the Nature of Entrepreneurial Action
In Discovery Theory, the nature of entrepreneurial action is caused by exogenous shocks to pre-existing industries or markets.  In this case, entrepreneurial firm inventors are perceiving, sense-making, and using prior knowledge as a type of absorptive capacity to learn from their environment (Shane 2000). In Creation Theory, the nature of entrepreneurial action is caused by endogenous actions of individuals who make products or services.  In this case, entrepreneurial firm inventors depend on their own creativity and characteristics.  

By looking at a specific instance of entrepreneurial action, i.e. that of an inventor venturing into a new area of research, we can specify variables that differentiate creation and discovery in entrepreneurial action. In particular, we characterize entrepreneurial action by examining the probability of inventors patenting in a patent class in which they have no prior inventions. When inventors enter a new field of research it is a classic Schumpeterian entrepreneurial action.  Schumpeter (1934), defined the entrepreneur as an undertaker of new combinations: entrepreneurs are innovators who implement change within markets through the carrying out of new combinations.  “As a rule, the new combinations must draw the necessary means of production from some old combinations...  The carrying out of new combinations means, therefore, simply the different employment of the economic system's existing supplies of productive means...  development consists primarily in employing existing resources in a different way, in doing new things with them (Schumpeter, 1934).”  Entrepreneurial actions developed out of new combinations cover the following five cases: 1) a new good or a new quality of a good; 2) a new method of production; 3) a new market; 4) a new source of supply of raw materials or half-manufactured goods; and 5) a new organization (Schumpeter, 1934).   In this paper, we consider inventors entering a new field of research as a new combination exemplifying entrepreneurial action (Banerjee and Miller 2007).

In our examination of inventors entering new research fields, we distinguish the impact of five key factors on the likelihood that an inventor’s patent is in a new patent class.  These five factors relate to those areas of variables described by Shane (2003) of social networks, experiences, search process, absorptive capacity, intelligence, and cognitive attributes.  The explanatory factors are: 1) the inventor’s number of previous patents; 2) the inventor’s diversity of previous patents; 3) number of co-inventors on collaborations; 4) the density of inventors in the firm that work in a new area’ and 5) the density of inventors in the industry that work in a new area.  

For each of the five key factors we develop predictions about how the factors are related to our entrepreneurial setting under the assumptions of creation theory and under the assumptions of discovery theory:

Prior Number of Patents

The number of prior patents proxies for an individual’s absorptive capacity.  Traditionally, absorptive capacity is a firm-level measure that measures the ability for a firm to recognize and exploit external knowledge (Cohen and Levinthal 1990).  R&D has been shown to be a good proxy for absorptive capacity because R&D investment allows a firm to stay current with technological trends in the industry and facilitates identification and implementation of necessary external knowledge (Cohen and Levinthal 1990).  We extend the absorptive capacity construct to the individual where an individual’s absorptive capacity captures the individual’s ability to recognize and exploit knowledge from external sources and prior patents play the same role for individuals as R&D does for firms.  Prior patenting activity allows the individual to stay at the technological frontier and to identify opportunities.
In the discovery context, inventors will research in a new class to pursue an opportunity that they have recognized in the new area.  An individual inventor’s ability to be on the technological frontier of multiple fields and draw on external knowledge is essential for recognizing opportunity in the new area and successfully exploiting the new area before competitors are able to recognize and exploit the same opportunity.  For example, Max Tishler was responsible for most of the patenting at Merck (Werth, 1994).  People like him, in the discovery context, tend to be quite prolific in their patenting, including patents on composition, formulation, use, and synthesis method.

H1: In the discovery context, the probability that an inventor will patent in a new patent class is related positively to the inventor’s number of previous patents.
In the creation context, absorptive capacity is a valuable resource, but not a necessary resource.  Because creation inventors are creating a new opportunity, there is no competition from other inventors to develop and exploit the same opportunity so the ability to absorb external knowledge and use it to quickly develop the new innovation is less valuable than in the discovery context.  Because absorptive capacity is not a necessary condition for patenting in a new class in the creation context, we can not hypothesize a relationship between the two constructs.

Prior Diversity of Patents  

The breadth of an inventor’s experience captures the inventor’s creative capacity (Gordon 1961) where creative capacity measures the ability for an individual to apply their knowledge to external areas.  Creative capacity is analogous to absorptive capacity:  absorptive capacity measures how well an individual can internalize external knowledge and creative capacity measures how well an individual can externalize internal knowledge.

The breadth of an inventor’s patent portfolio captures their experience in applying their knowledge to new classes which we use as a proxy for creative capacity. In the creation context, creative capacity is a necessary condition for innovation.  In generating new opportunities, individuals must be able to apply their existing knowledge in new and innovative ways.  With increases in breadth of their patent experience, inventors demonstrate a stronger capability to create opportunities to pursue new patent classes.  For example, creating new products requires a combination of novel elements (Schumpeter, 1942).  The broader the patent portfolio is the more opportunities for novel combinations exist.  

H2: In the creation context, the probability that an inventor will patent in a new patent class is positively related to the inventor’s diversity of previous patents.
Parallel to the role of absorptive capacity in the creation context, creative capacity is a valuable but not necessary resource in the discovery context.  Because opportunities are generated exogenously, a prior history of identifying and exploiting opportunities in new classes may (but does not necessarily) affect the ability for an inventor to discover opportunities in the current time period.  As a result, we make no hypothesis on the role of creative capacity in the discovery setting.

Density of Inventors in the Firm

The density of inventors in a given area in firms captures the degree of firms’ specialization in the given area.  This degree of specialization is related to the distribution of inventors in the firm which has an impact on within firm competition (Hannan and Freeman 1989) and indirect knowledge spillover between inventors in the firm (Jaffe, Trajtenberg et al. 1993).

Thus, within the firm in the discovery context, degree of firm specialization affects innovation through two channels: firm competition and knowledge spillover.  First, when an opportunity in an area is exogenously revealed inventors who have previously patented in that class (i.e. have class-specific absorptive capacity) will be more likely to discover and successfully exploit that opportunity (i.e. patent in that class) than inventors in the firm that do not have any background in that class.  As the density of inventors in the opportunity class increases, the likelihood that an inventor within the firm but outside of that research area will successfully exploit that opportunity decreases. In other words, in the discovery context, there is competition to exploit opportunities, individuals with more opportunity-specific absorptive capacity will be more likely to win the competition, thus as the firm increases the number of competitors, the “outsiders” are less likely to win any within firm patent race.

However, in a specialized firm, knowledge of the specialized area will spillover to inventors outside the area of specialization (even if they are not working together directly), increasing the absorptive capacity of the individual inventor in that class and increasing the likelihood of the outside inventor migrating into the area of specialization.  Combining the two factors results in a U-shaped impact on patenting in a new class in the firm’s area of specialization.  

H3: In the discovery context, the probability that an inventor will patent in a new class is related to the density of colleagues within the firm that patent in that class in a U-shape.

Within the firm in the creation context, individuals generate their own opportunities unless creation is a joint effort, so the distribution of colleagues should play no role on the likelihood for an inventor to patent in that area.  Being in a specialized firm would not change the creative capacity of the inventors and would not create within firm competition.
Density of Inventors in Industry

While density of inventors within the firm captures within firm competition in patent races, the density of inventors in a given area in the industry captures both the total competition in a given patent class and indirect knowledge spillover between firms (Breschi and Lissoni 2001).  Following the logic above, in the discovery context, innovating in a new area will be impacted negatively by competition in the patent race and positively by between-firm knowledge spillover.  In the creation context, inventors will be unaffected by industry density.
H4: In the discovery context, the probability that an inventor will patent in a new class is related to the density of inventors in the industry that patent in that class in a U-shape.

Number of Co-inventors on a Patent

The number of inventors on collaborations is a proxy for direct between-individual knowledge spillover.  Having multiple inventors working together increases the social network and the flow of knowledge between inventors. The presence of multiple inventors would increase both the absorptive capacity and the creative capacity of the group.

In the discovery context, the increase in absorptive capacity extends the ability to pursue new areas of research. In the creation context, the number of co-inventors extends the creative capacity of the inventing group.  In both contexts, as the number of inventors increases, there is a positive impact on the capability to exploit opportunities to pursue new patent classes.  If there are no interaction effects between inventors, the effective absorptive or creative capacity of the group of inventors is equal to the maximum capacity of individuals in the group so there will be a non-negative relation between group size and absorptive and creative capacity.   However, if the firm is operating in a discovery context (i.e. absorptive capacity matters) then group size will mediate the impact of absorptive capacity on patenting in a new class.  Similarly, if the firm is operating in a creation context (i.e. creative capacity matters) then group size will mediate the impact of creative capacity on patenting in a new class.

H5a: In the discovery context, the impact of prior patenting experience on patenting in a new class is mediated by the number of co-inventors. 
H5b: In the creation context, the impact of prior patent portfolio diversity on patenting in a new class is mediated by the number of co-inventors.

METHOD

Data

We test our hypotheses on patenting behavior of individuals using patent data from Delphion.  The data allow extraction of 26 years of U.S. Patent and Trademark Office (USPTO) patent data.  We use patent data to capture utilization of inventors because of the direct relevance of patent data to the technology development context, the large sample sizes afforded in patent data, the information on inventor activity (Hall, Jaffe et al. 2001), and most important to this project, the assignment of patent classes, where patent classes indicate how a patent will be “used” (Schmookler 1966; Scherer 1982).  By analyzing the patent activity of individuals within firms, we can infer how inventors are entering new fields of use for their research. 

We restrict our sample to all patents at publicly-traded firms in the In Vitro and In Vivo Diagnostic Substances industry (SIC 2835) spanning 1992-2005.  Firms in this industry are highly entrepreneurial as innovations are substances used for diagnostic tests performed in test tubes, petri dishes, machines, and other diagnostic test-type devices.   In this young and dynamic industry, intellectual property and patent protection are critical (Arora, Fosfuri and Gambardella, 2001), so patent activity is a useful proxy for innovation and innovation strategy.  We focus on publicly-traded firms to ensure that firms have the same over-arching objectives and to ensure that firms are at similar spaces in the firm-life cycle.

Using the patent-level data from the USPTO, we construct an inventor-patent-level database.  Every patent is associated with a list of one or more individual inventors, one or more sponsoring firms, a date of filing, and a patent class that captures the area of the patent.  Using these data, we create a longitudinal database of inventors that tracks every patent in the industry for each inventor.  Using the inventor-patent observations we can reconstruct the patent path of individuals and analyze the characteristics of an individual’s patents across time.  

For every firm in the sample, we link to financial data collected from SEC filings available on Compustat.  To capture time-varying firm characteristics, we link each patent observation with firm financial data for the year in which the patent was filed.    

Variable Definitions

Dependent Variable: Patenting in a New Class

Our dependent variable, New Class, captures if inventors are entering a new field of use.  The variable is coded as a 1 if an inventor is awarded a patent in a patent class that differs from all prior patents they have been awarded, the variable is coded as a zero otherwise, where patent class is the first four digits of the IPC-R patent classification system
.  Of the 8161 patent-inventor observations in the full dataset, 1602 represent initial patents for the inventors.  Because we focus on how inventors discover or create with respect to their initial patents, we examine the dataset of 6559 non-initial patents of which 663 observations are patents that represent activity in a new patent class for the inventors.  

Our data begin in 1992, so if the inventor has patented in the industry prior to 1992, we may undercount their prior patents.  This may bias our results by creating false positive in the New Class variable. The bias should be greatest in early years of the sample.  To mitigate this bias, we include a set of year dummies to absorb variation that is correlated across time.

Key Explanatory Variables

The key explanatory variables in our study are prior patent activity, individual inventor generality,   density of similar inventors within the firm, density of similar inventors within the industry, and number of co-inventors.

To proxy for individual-level absorptive capacity, we measure the depth of inventors’ patenting experience. Specifically, we construct a variable, Prior Patents (or PP), that captures the number of patents that each inventor has to date while employed in the industry.   This variable is a composite measure that captures both inventor productivity and inventor tenure in the industry.  Ideally we would control for inventor tenure separately, but due to lack of inventor demographic controls we are unable to parse tenure and patenting rate.  This measure is susceptible to left censoring – we do not account for patenting activity prior to 1992.  The distribution of Prior Patents is highly skew.  At the last observation for each inventor, the median number of prior patents is 3, the mean is 8.3.  The mean is much larger than the median because of a handful of superstars who are named on over 100 patents each.  Excluding the superstars in our analysis has a negligible effect on the estimates so we choose to include them through out the analysis.
To capture individual-level creative capacity we create a measure of inventor breadth.  We construct a measure of individual patent portfolio generality.  For every inventor at every time period in our data we modify the generality measures of Hall, Jaffe, and Trajtenberg (2001) to measure the generality of the patent portfolio of an individual inventor.  We construct a Herfindahl-type index that captures the distribution of the individual inventor’s patents across patent classes.  Specifically, we calculate the individual patent portfolio generality as follows:

[image: image1.wmf]å

=

-

=

it

n

j

ijt

it

s

G

1

2

1


where i indexes the individual inventor, j indexes patent classes, and t indexes time, sijt is the share of inventor i’s patents in class j by time t, nit is the number of classes in which inventor i has patented by time t.   Git can range from 0 to 
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where IPPGit varies from 0 to 1.

This measure captures the extent to which an individual inventor has expanded into new areas, thereby, undertaking new combinations and, thus, entrepreneurial action.  In our data, of the 909 unique inventors who appear on multiple patents approximately 53% do not undertake entrepreneurial action (they patent in only one patent class and their patent portfolio generality measure is equal to zero at all time periods).  The mean value for the remaining 47% of observations is 0.787 (for interpretation, an inventor that has 2 patents in class A, 2 in Class B, and 1 in Class C has a generality measure of 0.8).  

For every patent, we also measure the ratio of the number of inventors within the firm who have patented in the same patent class within the previous 365 days to the total number of patenting inventors within the firm in the prior 365 days.  This ratio gives us Colleague Density (or CD) which measures the extent to which a firm is specialized in a patent class.  The median value for the within firm skill density measure is 50%, that is half of all patented inventor activity in the prior year within one firm is in one area.  The mean value is 45%.
To measure the depth of area-specific human capital in the industry (or equivalently the paucity of area-specific human capital in the industry), we construct a similar density measure across all inventors in the industry.  For every patent, we calculate the Industry Density (or ID) as the ratio of the number of inventors in the industry who have patented in the same patent class within the previous 365 days to the total number of patenting inventors in the industry in the prior 365 days. Across all patents, this measure has a mean value of 23% and a median value of 18%.  Comparing the Colleague Density measures to the Industry Density measures indicates that patenting activity is not randomly distributed within firm and that on average firms exhibit a high-degree of specialization.

To proxy for the direct knowledge spill-over inherent in team projects, we include a measure of the number of co-inventors listed on each patent, Co-inventor Count (or CC).  This variable is a simple count of the number of inventors listed in the patent filings.  For our analysis, it is not necessary to account for the relative contribution an inventor has to each patent.  For this reason, we weight participation on a co-authored patent equivalently to participation on a sole-authored patent.  Across all 1854 unique patents in our sample, approximately 13% are sole authored and 80% have four or fewer authors.  Three patents in the sample have 27 co-authors.  The mean number of coauthors is 3.5 and the median is 3.

Key Control Variables
In addition to the explanatory variables of interest we include additional firm-level controls.  Because firm size and firm cost structure may impact individual inventor behavior, we use financial date from Compustat to control for these time-varying firm characteristics.  Our firm-level controls include Current Assets, Current Liabilities, Sales and, Cost of Goods Sold.  We include Current Assets to control for firm size and we include Current Liabilities to address firm debt issues.  In different specifications, we control for Sales, a flow-based measure of size and Cost of Goods Sold which captures the product market in which the firm is operating.
Model Specification and Estimation

We examine our hypotheses on the impact of prior inventor breadth, depth and knowledge density on the innovation outcomes of individuals.  We focus on whether inventors are patenting in a patent class that is new to them or in a patent class in which they have previously patented.  Because this measure of inventor utilization is a dichotomous variable, we test our hypotheses using a standard probit framework.

Specifically, to test our hypotheses, we examine various specifications of the following model:
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where Φ is the standard cumulative normal distribution, i indexes the individual inventor, f indexes firm, t indexes time, and the explanatory variables and control variables are as described above.  Because we include multiple observations on individual inventors and error terms may be correlated within inventors, we correct for standard errors within inventor clusters.  For the test of Hypothesis 1, we examine the coefficient on Prior Patents (α1) for hypothesis 2, we examine Individual Patent Portfolio Generality (α2), for hypotheses 3 we examine the Colleague Density measures (α31 and α32), for hypotheses 4, we look at the Industry Density measures (α41 and α42), and for hypothesis 5 we examine interactions of Co-Inventor Count with Prior Patents and Individual Patent Portfolio Generality (α51 and α52).

Results

Table 3, panels A and B provide the baseline results of the analysis of the hypotheses.  The models all include year effects and standard errors are adjusted to account for clustering within inventors.  The estimates in the table are for the marginal effects of the variables on the probability of an inventor’s patent being in a patent class that is new to them.  We first examine each relevant explanatory variable in isolation, we then estimate a model with all explanatory variables. 

Model (a) focuses on just the Prior Patents variable.  The estimated marginal effect of the Prior Patents variable on the probability to patent in a new class is negative and highly significant.  Under the assumption that the number of prior patents proxies for an individual’s absorptive capacity, this implies that individuals’ absorptive capacity is negatively related to inventors’ likelihood to patent in a new patent class.  This contradiction of hypotheses 1 implies that the behavior of inventors in this industry is not consistent with operating in the discovery context.

As demonstrated in model (b), the estimated marginal effect on patenting in a new class of the Individual Patent Portfolio Generality measure is positive and highly significant implying that inventors with a patent history that is not specialized are more likely to patent in a new class.  In other words, inventors with breadth of experience, which proxies for creative capacity, are more likely to demonstrate new patent class innovation.  This result indicates support for Hypothesis 2, which demonstrates that inventor behavior is consistent with the creation context.

We find support for hypothesis 3 in model (c) by examining the estimated marginal impacts of the colleague density and colleague density2 terms.  The marginal effect of the colleague density term is negative and significant, while the marginal effect of the squared term is positive and significant.  This implies that there is U-shaped effect of colleague density on the probability that an inventor’s patent is in a new patent class.  This result is consistent with inventor behavior in the discovery context.

In model (d) we find that the estimated marginal effect of industry density and industry density2 on patenting in a new class have a similar U-shape to the colleague density terms.  This result is consistent with hypothesis 4.

To test hypothesis 5, we examine the interaction terms of the number of co-inventors and the prior patent and inventor generality measures.  In models (e), (f), and (g) we build the test of hypothesis 5.  We find that the number of co-inventors has a significant positive impact on patenting in a new class, additionally, in support of hypothesis 5b, we find that the interaction of the number of co-inventors and the creative capacity variable is negative which can be interpreted as an individual inventor’s creative capacity is significantly less important to innovation with each co-inventor that is added to the patent generation process.  This finding indicates that inventors in the industry are behaving as if they are in a creative context.  We do not find support for hypotheses 5a - which contradicts inventor behavior in the discovery context.

In model (h) we examine all of the explanatory variables simultaneously.  All of the previous results hold, except for the results on industry density.  To reiterate, we find support for hypotheses 2, 3, and 5b, we do not find support for hypotheses 1, 4, and 5a.  We find support for both hypotheses that are true if the inventors are operating in the creative context, while we reject three of the four hypotheses that are true under the discovery regime.  While the results are slightly mixed, it appears that the entrepreneurial activity of inventors patenting in a new class in the diagnostics industry is consistent with the implications of the creation theory of entrepreneurship and not consistent with the implications of the discovery theory of entrepreneurship.

Sensitivity analysis

In the base model we find support for the creation theory of entrepreneurship however, there are several potential confounding factors.  We extend the basic model to examine the sensitivity of the results to changes in model specifications.  First, to examine sensitivity of the results to firm size, we adjust the observation weights.  Second, we estimate our basic model after omitting a dominant firm that may be driving the results.  Third, we include firm-level fixed effects in a linear probability model to examine whether unobserved time-invariant characteristics of the firm are driving the results.

In our basic specifications, we account for the impact of firm size on inventor’s patenting behavior by including controls for firms’ assets and/or sales.  In the basic model, each observation is weighted equally, so the inventor behavior at a small firm is as important as the inventor utilization behavior at a large firm.  However, if small firms lack the scale or life-cycle maturity to facilitate specialization, then the basic results on inventor utilization may be driven by firms’ structural constraints and do not reflect a firm-level strategic decision.  To assess the role of firm size (or lack there of) on the results, we adjust the basic model (which yields patent-weighted estimates) to yield asset-weighted estimates and sales-weighted estimates, this adjustment will allow us to identify whether the results are being driven by small firms.

Table 4 provides results of the reweighting.  While the magnitudes of the estimates change, we find similar results to the base model on hypotheses 1 and 2.  However, we lose support for hypotheses 3, 4, and 5.  This indicates that the results associated with hypotheses 3, 4, and 5 are driven by activities at small firms.

A second concern on the validity of our results is that the results might be dominated by an outlier firm.  Human Genome Sciences both generates many patents and utilizes many co-inventors on each patent, as a result, the firm accounts for 46% of all individual-patent observations in our data set.  Because they dominate the data, results that appear to be industry wide, might just be specific to one firm.  To check whether the results are driven by this one dominant firm, we estimate our basic model after omitting all observations associated with this firm.

As reported in Table 5, after excluding the dominant firm, we find support for the first two hypotheses, but not support for the last three hypotheses.  Losing support for the last three hypotheses again indicates the last three results are not particularly robust.

A third source of bias is attributable unobserved firm characteristics.  If unobserved firm characteristics are driving the inventor utilization rates, then the estimates we report might represent only spurious correlation.   However, since we have multiple observations across firms, we can include firm fixed effects which allows us to control for time-invariant unobserved firm characteristics.  For computational simplicity, we estimate a linear probability model using the same covariates used in the probit specifications and we compare point estimates for the specification with firm fixed effects and without firm fixed effects.

Table 6 provides the firm fixed effects results.  In the two linear probability models, we find all of the same relationship as in the bas model (h).  The fact that these results align with the results from the probit specification demonstrates robustness to choice of functional form.  Comparing the results of the linear probability models with and without firm fixed effects, there is very little difference between the two sets of point estimates.  The implication of the similarity in the models with and without fixed effects is that unobserved firm characteristics play little role in the estimates.

The results on the direct impact of individual absorptive capacity and individual creative capacity on inventor’s probability of patenting in a new patent class are robust to changes observation weights and functional form, to elimination of dominant observations, and to the inclusion of fixed effects.  This robustness suggests strong support for the first two hypotheses.  The last three hypotheses are not robust to sample changes and thus should be interpreted carefully.

Discussion and Conclusions

The creation theory and discovery theory of entrepreneurial action have different implications for how underlying factors are related to entrepreneurial action.  We leverage these different predictions in a specific, micro-level, entrepreneurial setting to characterize the degree of creation/discovery in the actions of innovators.  

We find that inventors in patent-generating diagnostics firms behave in a manner that is consistent with the implications of the creation theory in this entrepreneurial setting.  Our results indicate that creative capacity is a positive predictor of patenting in a new patent class, while absorptive capacity decreases the probability of an inventor’s patent being in a new patent class.  In some specifications, we find that the density of knowledge within a firm as a U-shaped impact on the probability of patenting in a new class.  We also find that the number of co-inventors mediates the impact of creative capacity on patenting in a new class, but does not mediate the impact of our absorptive capacity measure.

Taken as a whole, our results indicate support for the creation theory of entrepreneurial action and lack of support for the discovery theory of entrepreneurship in this research setting.

While we demonstrate that inventors in patent-generating diagnostics firms behave in a manner that is consistent with the implications of the creation theory in this entrepreneurial setting, the findings of this paper apply only at the mean.  Looking only at the mean may fail to capture full dynamics of the phenomenon.  Creation theory makes sense for patent-generating diagnostic firms as opposed to say more discovery-based biotechnology firms, although biotechnology firms are moving towards creation.  The diagnostics industry is fundamentally different from biotechnology industry for three reasons.  First, biotechnology is more focused on finding the most appropriate drug and target combination because success is measured by therapeutic impact.  On the other hand, diagnostics is a point application industry where products are meant to be used for single indication of state of the material being tested. Second, with the explosion of genomics, there are a lot of information sources out there. Most of the break-through genomic discoveries have already been made. Therefore, diagnostics is more about filtering through these discoveries to find out what is worthwhile and what is not.  Third, the diagnostics industry uses a push rather than a pull model regarding generating demand. For biotechnology, physicians demand a better drug, therefore better drugs get used, i.e. a pull model.  Biotechnology is more zero or one, a drug either works or doesn’t.  Diagnostics firms compete to persuade users about benefits, and they need to convince customers that it is a worthwhile product to purchase. Therefore, for the diagnostics industry it takes more building and creating, not just discovery. In other words, diagnostics firms are not a field of dreams where “if you build it and they will come”.  

Therefore, it is important to extend the area of analysis and look at the full distribution of individuals and firms.  Preliminary results indicate that some firms are more likely to have inventors that operate in a manner consistent with discovery theory.  We hypothesize that additional inspection of the empirics will indicate a continuum of outcomes where the degree of creation/discovery varies across the distribution of firms in the industry.  We also hope to extend this study to a broader selection of industries to examine the degree of creation/discovery across the distribution of industries. For future projects comparative testing with biotechnology firms to understand if there is a difference between drug discovery and assay development is necessary.  Also, it would be essential to understand the interrelations between industries, for example Choi (1995) and Boudreaux (1994) have looked at complementarities between discoverers and creators, i.e. the Kirzerian entrepreneur (1969) as discoverer and the Schumpeterian entrepreneur (1942) as creator can be interdependent.  Also, there appear to be timing issues, which we will explore regarding if industries move from discovery to creation.
Additionally, in future projects we will explore the environmental conditions that lead to firms acting in a manner that is consistent with creation behavior and discovery behavior.  Specifically, we will examine the role of uncertainty, market power, and worker mobility in how firms utilize their resources and establish dynamic capabilities.

This project has several contributions.  First, our findings add to the understanding of absorptive and creative capacity.  Although there is a long line of research on absorptive capacity, there is a big gap in the literature in understanding the role of individuals in developing and exploiting absorptive capacity.  We also differentiate absorptive capacity and creative capacity.  These constructs capture very different phenomena and should be treated as separate constructs.

Second, the results of this paper begin to capture the evolution of inventor’s patenting behavior.  In the extensive patent-based research, little attention is paid to individual-level outcomes and dynamics.  In order to understand the patenting process at the quantum-level of the individual, it is important to understand the development and evolution of individual inventors.

Third, we develop a novel approach to characterizing inventor actions in the contexts of creation and discovery theory.  One of the strengths of our approach is its generalizability.  This approach can be extended to any unit of organization that generates patents.  Specifically, this method can be applied to the firm level and to the industry level which would provide a useful framework to think about the nature of innovation and the type of entrepreneurship across observations. 

In summary, we examine the implications of the creation theory and the discovery theory of entrepreneurial action and illustrate what the theories imply in one specific entrepreneurial setting.  By focusing on how an individual’s characteristics, prior experiences, and external environment impact their likelihood to create or discover opportunities, we add to the understanding of the role of the individual in the entrepreneurial process.
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Table 1.  Operationalization of key variables appearing in the model

	Dependent Variables
	

	     New Class
	=1 if patent is in new area for inventor; =0 otherwise

	Explanatory Variables
	

	     Individual Patent Portfolio Generality
	= generality measure of individual inventor’s patent stream (see text for details)

	     Prior Patents
	= # of patents to date for the inventor in the current firm

	     Co-inventor Count
	= # of inventors on the patent

	     Colleague Density
	= percentage of other inventors in the firm that have patented in the patent class

	     Industry Density
	= percentage of other inventors in the industry that have patented in the patent class

	Key Controls
	

	     Current Assets 
	Current Assets – Total (in $1000s)

	     Liabilities
	Liabilities – Total (in $1000s)

	     Sales
	Sales (in $1000s)

	     Cost of Goods Sold 
	Cost of Goods Sold (in $1000s)


Table 2.  Descriptive Statistics and Correlations
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1New Class65590.1010.3011

2

Individual Patent Portfolio Generality

65590.4100.3430.3541

3

Prior Patents

655942.84073.034-0.1570.0891

4

Co-inventor Count

65595.7634.815-0.002-0.0400.0431

5

Colleague Density

65560.4930.285-0.326-0.2680.0130.1271

6

Colleague Density^2

65560.3240.258-0.305-0.2630.0010.1040.9791

7

Industry Density

65590.2850.200-0.289-0.1600.1670.2640.6830.6141

8

Industry Density^2

65590.1210.112-0.267-0.1410.1480.2780.6480.5760.9871

9Current Assets55000.6040.567-0.0910.0530.0570.1390.0790.0920.2800.3041

10Liabilities - Total55000.4040.412-0.0800.0230.2200.1870.0360.0440.2100.2160.7251

11Sales55000.0740.4370.0690.015-0.079-0.051-0.068-0.051-0.144-0.1330.3990.7231

12Cost of Goods Sold55000.1660.120-0.0280.0540.2760.224-0.093-0.1020.1860.2030.5470.8560.578


Table 3.A.  Estimates of Probability of Inventor Patenting in a New Class
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Notes:  All results are marginal effects (dF/dx) from probit regressions.  

* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level
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Table 3.B.  Estimates of Probability of Inventor Patenting in a New Class
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Table 4.  Estimates of Probability of Inventor Patenting in a New Class – Sensitivity Tests
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Table 5:  Estimates of Probability of Inventor Patenting in a New Class – without dominant firm
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Table 6: Linear Probability Models for Inventor Patenting in a new Patent Class, with and without Firm Fixed Effects
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		10		Liabilities - Total		5500		0.404		0.412		-0.080		0.023		0.220		0.187		0.036		0.044		0.210		0.216		0.725		1
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		Industry Density (ID)														0.0321

		Industry Density^2														-0.1034

		Co-inventor Count (CC) x100						0.2610		***		0.3381		***		0.2843		***

		CC*PP x100										0.0018				0.0009

		CC*IPPG x100										-0.2547		**		-0.1526		**

		Firm Controls?		Y				Y				Y				Y

		Year Effects?		Y				Y				Y				Y

		N		5500				5500				5500				5498

		R^2		0.296				0.304				0.306				0.402

		Notes:  All results are marginal effects (dF/dx) from probit regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level

				Asset Weighted				Sales Weighted

		Prior Patents (PP)		0.0526		***		0.2289		***

		Individual Patent Portfolio Generality (IPPG)		-0.0003		***		-0.0038		***

		Colleague Density (CD)		-0.0406				-0.3295

		Colleague Density^2		0.0068		***		0.2035		**

		Industry Density (ID)		-0.0397				0.5383

		Industry Density^2		-0.0304				-1.1711		***

		Co-inventor Count (CC) x100		0.0514				0.4633		*

		CC*PP x100		0.0014				0.0156		***

		CC*IPPG x100		0.0636				0.0026		***

		Firm Controls?		Y				Y

		Year Effects?		Y				Y

		N		5498				5486

		R^2		0.385				0.569

		Notes:  All results are from linear probability regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level

				Without HGSI

		Prior Patents (PP)		0.1878		***

		Individual Patent Portfolio Generality (IPPG)		-0.0047		**

		Colleague Density (CD)		-0.4506

		Colleague Density^2		0.3127

		Industry Density (ID)		0.1025

		Industry Density^2		-0.2646		***

		Co-inventor Count (CC) x100		0.1757		***

		CC*PP x100		-0.0486

		CC*IPPG x100		0.8347

		Firm Controls?		Y

		Year Effects?		Y

		N		1928

		R^2		0.441

		Notes:  All results are marginal effects (dF/dx) from probit regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level

				Without Fixed Effects				With Fixed Effects

		Prior Patents (PP)		0.2659		***		0.2503		***

		Individual Patent Portfolio Generality (IPPG)		-0.0004		***		-0.0003		***

		Colleague Density (CD)		-0.6941		***		-1.2460		***

		Colleague Density^2		0.5504		**		1.2330		**

		Industry Density (ID)		-0.3909				-0.2520

		Industry Density^2		0.7147		***		0.5342		***

		Co-inventor Count (CC) x100		0.5300		***		0.5300		***

		CC*PP x100		-0.0010		*		-0.0010

		CC*IPPG x100		0.1300		**		0.1300

		Firm Controls?		Y				Y

		Year Effects?		Y				Y

		N		5498				5498

		R^2		0.2559				0.266

		Notes:  All results are from linear probability regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level
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				a				b				c				d

		Prior Patents (PP)		-0.0011		***

		Individual Patent Portfolio Generality (IPPG)						0.1960		***

		Colleague Density (CD)										-0.3582		***

		Colleague Density^2										0.1777		***

		Industry Density (ID)														-0.5661		***

		Industry Density^2														0.4984		***

		Co-inventor Count (CC) x100

		CC*PP x100

		CC*IPPG x100

		Firm Controls?		Y				Y				Y				Y

		Year Effects?		Y				Y				Y				Y

		N		5500				5500				5498				5500

		R^2		0.131				0.271				0.219				0.174

		Notes:  All results are marginal effects (dF/dx) from probit regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level

				e				f				g				h

		Prior Patents (PP)		-0.0006		***		-0.0005		***		-0.0007		***		-0.0004		***

		Individual Patent Portfolio Generality (IPPG)		0.1586		***		0.1568		***		0.1609		***		0.0821		***

		Colleague Density (CD)														-0.1331		***

		Colleague Density^2														0.0780		***

		Industry Density (ID)														0.0321

		Industry Density^2														-0.1034

		Co-inventor Count (CC) x100						0.2610		***		0.3381		***		0.2843		***

		CC*PP x100										0.0018				0.0009

		CC*IPPG x100										-0.2547		**		-0.1526		**

		Firm Controls?		Y				Y				Y				Y

		Year Effects?		Y				Y				Y				Y

		N		5500				5500				5500				5498

		R^2		0.296				0.304				0.306				0.402

		Notes:  All results are marginal effects (dF/dx) from probit regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level

				Asset Weighted				Sales Weighted

		Prior Patents (PP)		0.0526		***		0.2289		***

		Individual Patent Portfolio Generality (IPPG)		-0.0003		***		-0.0038		***

		Colleague Density (CD)		-0.0406				-0.3295

		Colleague Density^2		0.0068		***		0.2035		**

		Industry Density (ID)		-0.0397				0.5383

		Industry Density^2		-0.0304				-1.1711		***

		Co-inventor Count (CC) x100		0.0514				0.4633		*

		CC*PP x100		0.0014				0.0156		***

		CC*IPPG x100		0.0636				0.0026		***

		Firm Controls?		Y				Y

		Year Effects?		Y				Y

		N		5498				5486

		R^2		0.385				0.569

		Notes:  All results are from linear probability regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level

				Without HGSI

		Prior Patents (PP)		0.1878		***

		Individual Patent Portfolio Generality (IPPG)		-0.0047		**

		Colleague Density (CD)		-0.4506

		Colleague Density^2		0.3127

		Industry Density (ID)		0.1025

		Industry Density^2		-0.2646		***

		Co-inventor Count (CC) x100		0.1757		***

		CC*PP x100		-0.0486

		CC*IPPG x100		0.8347

		Firm Controls?		Y

		Year Effects?		Y

		N		1928

		R^2		0.441

		Notes:  All results are marginal effects (dF/dx) from probit regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level

				Without Fixed Effects				With Fixed Effects

		Prior Patents (PP)		0.2659		***		0.2503		***

		Individual Patent Portfolio Generality (IPPG)		-0.0004		***		-0.0003		***

		Colleague Density (CD)		-0.6941		***		-1.2460		***

		Colleague Density^2		0.5504		**		1.2330		**

		Industry Density (ID)		-0.3909				-0.2520

		Industry Density^2		0.7147		***		0.5342		***

		Co-inventor Count (CC) x100		0.5300		***		0.5300		***

		CC*PP x100		-0.0010		*		-0.0010

		CC*IPPG x100		0.1300		**		0.1300

		Firm Controls?		Y				Y

		Year Effects?		Y				Y

		N		5498				5498

		R^2		0.2559				0.266

		Notes:  All results are from linear probability regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level
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				a				b				c				d

		Prior Patents (PP)		-0.0011		***

		Individual Patent Portfolio Generality (IPPG)						0.1960		***

		Colleague Density (CD)										-0.3582		***

		Colleague Density^2										0.1777		***

		Industry Density (ID)														-0.5661		***

		Industry Density^2														0.4984		***

		Co-inventor Count (CC) x100

		CC*PP x100

		CC*IPPG x100

		Firm Controls?		Y				Y				Y				Y

		Year Effects?		Y				Y				Y				Y

		N		5500				5500				5498				5500

		R^2		0.131				0.271				0.219				0.174

		Notes:  All results are marginal effects (dF/dx) from probit regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level

				e				f				g				h

		Prior Patents (PP)		-0.0006		***		-0.0005		***		-0.0007		***		-0.0004		***

		Individual Patent Portfolio Generality (IPPG)		0.1586		***		0.1568		***		0.1609		***		0.0821		***

		Colleague Density (CD)														-0.1331		***

		Colleague Density^2														0.0780		***

		Industry Density (ID)														0.0321

		Industry Density^2														-0.1034

		Co-inventor Count (CC) x100						0.2610		***		0.3381		***		0.2843		***

		CC*PP x100										0.0018				0.0009

		CC*IPPG x100										-0.2547		**		-0.1526		**

		Firm Controls?		Y				Y				Y				Y

		Year Effects?		Y				Y				Y				Y

		N		5500				5500				5500				5498

		R^2		0.296				0.304				0.306				0.402

		Notes:  All results are marginal effects (dF/dx) from probit regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level

				Asset Weighted				Sales Weighted

		Prior Patents (PP)		0.0526		***		0.2289		***

		Individual Patent Portfolio Generality (IPPG)		-0.0003		***		-0.0038		***

		Colleague Density (CD)		-0.0406				-0.3295

		Colleague Density^2		0.0068		***		0.2035		**

		Industry Density (ID)		-0.0397				0.5383

		Industry Density^2		-0.0304				-1.1711		***

		Co-inventor Count (CC) x100		0.0514				0.4633		*

		CC*PP x100		0.0014				0.0156		***

		CC*IPPG x100		0.0636				0.0026		***

		Firm Controls?		Y				Y

		Year Effects?		Y				Y

		N		5498				5486

		R^2		0.385				0.569

		Notes:  All results are from linear probability regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level

				Without HGSI

		Prior Patents (PP)		0.1878		***

		Individual Patent Portfolio Generality (IPPG)		-0.0047		**

		Colleague Density (CD)		-0.4506

		Colleague Density^2		0.3127

		Industry Density (ID)		0.1025

		Industry Density^2		-0.2646		***

		Co-inventor Count (CC) x100		0.1757		***

		CC*PP x100		-0.0486

		CC*IPPG x100		0.8347

		Firm Controls?		Y

		Year Effects?		Y

		N		1928

		R^2		0.441

		Notes:  All results are marginal effects (dF/dx) from probit regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level

				Without Fixed Effects				With Fixed Effects

		Prior Patents (PP)		0.2659		***		0.2503		***

		Individual Patent Portfolio Generality (IPPG)		-0.0004		***		-0.0003		***

		Colleague Density (CD)		-0.6941		***		-1.2460		***

		Colleague Density^2		0.5504		**		1.2330		**

		Industry Density (ID)		-0.3909				-0.2520

		Industry Density^2		0.7147		***		0.5342		***

		Co-inventor Count (CC) x100		0.5300		***		0.5300		***

		CC*PP x100		-0.0010		*		-0.0010

		CC*IPPG x100		0.1300		**		0.1300

		Firm Controls?		Y				Y

		Year Effects?		Y				Y

		N		5498				5498

		R^2		0.2559				0.266

		Notes:  All results are from linear probability regressions.

		* Denotes significance at the 10% level, ** Denotes significance at the 5% level, *** Denotes significance at the 1% level






_1236772087.unknown

_1235904858.unknown

_1235904870.unknown

_1235904563.unknown

