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ABSTRACT

University technology transfer activities are increasingly important as a source of regional economic development and revenue for the university. We use regression analysis, a two-stage model and the most recent data to examine the determinants of technology transfer. Our analysis strongly support four factors, not previously examined in the literature, enhancing university technology transfer: greater rewards for faculty involvement in technology transfer, location of the university in a region with a concentration of high technology firms, a clear university mission in support of technology transfer and the experience of the university’s technology transfer office.  

JEL Classification:  D23; L31; O31; O32

INTRODUCTION

The current emphasis on university Technology Transfer can be dated to the 1980 enactment of The Patent and Trademark Law Amendments Act, P.L. 96-517, more commonly known as the Bayh-Dole Act.  Bayh-Dole instituted a uniform patent policy, removed many of the restrictions on university licensing, and allowed universities to own patents arising from federal research grants. The underlying purpose of Bayh-Dole is that inventions resulting from federally funded research should be licensed to industry for commercial development in the public interest.

The Association of University Technology Managers (AUTM) began reporting data on university technology transfer in 1991. Universities that reported data for the 10-year period 1991-2000 show a dramatic increase in technology transfer (ATUM Licensing Survey, FY 2000). Invention disclosures increased by 79 percent (N=76), patent applications increased by 230 percent (N=73), licenses executed increased by 159 percent (N=75), and gross license income increased by 611 percent (N=78).

The growth in the commercial applications of university research has received considerable attention from public officials and university administrators. University administrators cite technology transfer as evidence of the increasing contribution of universities to the economy (more rapid technological diffusion to the public and enhancing local/regional economic development), and recognize it as a potential source of university revenue, especially in the current economic environment of reduced support for universities. Among the other benefits of technology transfer to academic institutions are positive effects on curriculum, and a marketing tool to attract students, faculty and additional industrial research support.  A recent article in the Chronicle of Higher Education (March 29, 2002) highlights the importance state lawmakers are placing on universities increasing the commercialization of discoveries to promote local economic development. The article quotes Dan Berglund, the president of the State Science and Technology Institute. He says, “…The amount of interest in encouraging the commercialization of university-developed technology has just exploded.”  Nearly a third of the nation’s governors have called on legislatures to increase funding for universities technology transfer programs. Potential drawbacks to the rise in University-Industry partnerships are discussed in Poyago-Theotoky, Beath & Siegel (2002).  Drawbacks include negative impacts on culture of open science, could affect the types of research questions addressed, could reduce the quantity and quality of basic research, and academics could spend less time on teaching and service.  

The term “technology transfer,” as used here, refers to the process whereby invention or intellectual property from academic research is licensed or conveyed through use rights to a for-profit entity and eventually commercialized. (See Figure 1.) This is a process that takes several steps (Parker and Zilberman, 1993; Parker, Zilberman and Castillo, 1998; and Thursby, Jensen and Thursby, 2000).

The Bayh-Dole act requires university's faculty members, students or staff members who recognize or discover a new technology or invention that has commercialization potential to disclose the invention to their institution's Technology Transfer Office (TTO). Almost all research universities have such offices, although the exact name of the office varies among universities. After an invention is conveyed to the TTO, it is responsible for patenting it. Once a new technology is patented, the university owns the intellectual property rights and may be able to license the patented technology to another entity. University technologies are also licensed without a patent. The next step occurs when an individual or a commercial company, secures a license for the patented technology from the university. After this licensing agreement is executed, and if there are commercial uses of the license, the institution may begin to earn license income from the transferred technology. Some universities now take equity positions rather than license income from an executed license agreement. Typically, several years pass from patenting a technology and the realization of royalties' income. 

This study presents an analysis of the factors influencing the technology transfer output across U.S. research universities. Understanding the factors that affects university technology transfer output may lead to changes in university policies and organizational practices and public policy that will increase the flow of technology to the private sector. It is hoped that increasing the flow of technology from universities to the private sector will generate employment growth and improve productivity, which will boost U.S. long-term economic growth.

Specifically, the study addresses three main research questions: 

1.   What characteristics of research universities affect the number of Invention Disclosures, the raw material for use by the Technology Transfer Office?

2.   What are the university policies and incentives that affect the Technology Transfer output of the university?
3.   What regional and local characteristic affects the Technology Transfer output of the university?
Review of the Empirical Literature

The rapid rise in university technology transfer and the increased emphasis on transferring technology to the private sector for commercialization as an economic development strategy has led to a number of empirical studies examining the productivity of university TTOs. These studies are summarized in Table 1.

The initial issued confronted in these studies is how to measure Technology Transfer output. The studies use a variety of measures, including licenses executed, amount of royalties, amount of patents, citation analysis, patent applications, invention disclosures and a six item summary scale. The Data Envelopment Analysis (DEA) by Thursby & Kemp (2002) has the advantage of estimating productivity scores (distance from the productivity frontier) using multiple outputs. Two studies use survey techniques to ascertain the outputs. Thursby, Jensen & Thursby (2001) conducted a survey of TTO directors at 62 major U.S. universities. They conclude that there is substantial heterogeneity in TTO objectives. The most important objective to the TTO is royalties and fees generated followed by the number of inventions commercialized. Less important are the number of licenses signed and the amount of sponsored research. Patents awarded were the least important output to the TTO. Similar findings were reported by Siegel, Waldman,  & Link (2002) who conducted structured, in-person interviews of TTO directors, university administrators, academic scientists, and entrepreneurs at five major research universities. They report that the most important output from the 15 TTO Director and university administrator interviews is number of licenses followed by royalties. Patents and sponsored research agreements are substantially less important. 

Based on the two findings above, we use number of licenses, the number of licenses with income and total royalty income as output measures. Additionally, we have an analysis of the number of start-up companies, the number of licenses with equity and the cumulative number of licenses. Separate regression equations are estimated for each output.

While the empirical studies in Table 1 used a variety of independent variables, a few noticeable conclusions emerge. Faculty quality is important and statistically significant, suggesting that higher faculty quality tend to produce inventions with greater commercial viability. Size of the TTO, measured by the number of staff in the office or by the amount of federal research funding, is statistical significant and positive in all cases in which they were used. The number of invention disclosures is another measure of TTO size and also represents the production input available for licensing. The age of the TTO is positive and significant, suggesting the existence of learning effects. One study found a positive and significant impact for industrial R&D in the university’s state. 

The results regarding university institutional variables are not conclusive. The existence of a Medical School is found to be significant and positive in two out of the three studies that used it. The positive Medical School effect is based on the hypothesis that medical inventions have greater marketability than inventions from other disciplines. Institution type may be related to the culture of the university with respect to encouraging technology transfer activities. Institutional type is measured by dummy variables for Private University; Land-Grant University; and Carnegie Research I university. A Land-Grant University’s original purpose was to generate new knowledge and apply that new knowledge to the problems of society, primarily in the agriculture fields. Land-Grant institutions may be more likely than other institutions to seemingly continue to follow their traditional mission and produce knowledge that is used by industry. Private universities may be more likely than public universities to respond to the changing environment surrounding university technology transfer, and thus have greater technology transfer outputs. This response to change advantage by private institutions may now be dissipated given the recent pressure on public universities to increase technology transfer outputs.

Hypotheses

We extend the existing literature by testing hypotheses related to the organization and environment of the TTO, after controlling for the impacts of other independent variables many of which as been used in previous studies.

Age of the TTO is a variable that determines success or productivity. It takes time to establish a portfolio of invention disclosures, patents and to sell licenses. Typically, there is a three to seven year lag from the time a license agreement is signed until it begins to generate income. Technology diffusion causes license earnings to grow gradually, so younger TTOs tend to lag significantly in the earnings relative to older TTOs (Castillo, Parker & Zilberman 2001). Age of the TTO can also measure any learning or experience effects in the TTO. Cultural barriers exist between the TTO, the university scientists and industry. Personal relationships and networking are important in the transfer of university technology. Building personal relationships and reducing cultural barriers will occur with time and experience. The TTO will learn from accumulating experience and specialized know-how. 

Hypothesis 1: Universities that have more experience in technology transfer (in terms of the age of the TTO) will generate more licenses and license income. 

The vast majority of inventions licensed are so embryonic that technology mangers consider inventor cooperation in further development crucial for commercial success. Innovator involvement is essential to communicate the ins and outs of invention technology to the new licensee who will produce and market the product. Development would not occur unless the inventor’s return is tied to the licensee’s output when the invention is successful. This can be done with royalties, and the vast majority of license agreements include royalty payments (Jenson and Thursby 2001). Universities have different formulas for the distribution of royalty income based on overhead charges, reimbursement of direct expenses and allocating percentages of the “net” royalty to the inventor, the inventor’s department and college, the inventor’s research laboratory and the university’s research office or general university purposes.

Hypothesis 2: Universities that provide greater rewards for faculty involvement in technology transfer will generate more licenses and license income. Greater rewards will be measured by the amount of royalty income allocated to the inventor.

A substantial body of recent research has examined the contributions of university research to regional economic development and technological innovation. Most of this empirical research suggests that contributions of university-based research tend to be geographically concentrated. The university’s ability to generate licenses and royalty income may depend on “spillovers” from the industrial sector. These spillovers include access to the technology infrastructure of lawyers, venture capitalists, consultants, entrepreneurs, and industry-based researchers. 

Hypothesis 3: Universities in locations that are characterized by a relatively high concentration of technology firms, industry research, and an entrepreneurial climate will generate more licenses and license income.

The management and leadership of a university and the TTO will have an impact on the success of the university’s technology transfer effort. This is especially the case given the multiple objectives of universities (undergraduate education, graduate education, basic research, applied research, economic development, funded research). 

Hypothesis 4: Universities with a clear mission and objectives for the TTO on generating licenses and license income will generate more licenses and license income.

Methodology

We model the university technology transfer process as a two-equations recursive system. One of the difficulties in the existing literature on university technology transfer is some of the independent variables in the various models may in fact be endogenous or correlated with other variables. This makes it difficult to imply causality, and adversely impacts the precision of the estimates.  Carlsson & Fridh (2002) recognize this issue and attempt to resolve it by modeling technology transfer as a sequence of events. The two-equations recursive system reduces these problems.

The first equation analyzes the factors affecting the number of Invention Disclosures (ID). ID's are the primary input into the technology transfer process and are the raw material, or the input used by the TTO.  Siegel, Waldman & Link (2002) support our contention that ID’s, not patents, are the key intermediate input based on their field research interviews. The second equation analyzes the output of the TTO, measured separately by the number of licenses, the number of licenses generating a royalty, start-ups, royalty income, and licenses with equity. In the second equation ID's serve as one of the inputs.  This approach isolates the policy variables influencing technology transfer and the success of the TTO from those variables influencing the stock of inventions available for commercialization.  The first equation of the model is:

ID = α + β
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The second equation in the model is:

TT =  α + β
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Where TT is the technology transfer output of the university, 
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ID

 is the predicted number of invention disclosures (from equation [1]), Z is a vector of environmental factors such as industry high-technology concentration and Policy and Org are a vector of variables measuring university policy toward technology transfer and organizational characteristics of the university.  The recursive model assumes that the error terms μ and ( are independent.

Data

The unit of analysis is a U.S. research university. The data source for the university technology transfer outputs is the Association of University Technology Transfer Managers (AUTM) Annual Licensing Survey.  The number of licenses, amount of royalties, number of licenses with a royalty, number of licenses with equity, and start-ups measures knowledge output from university technology transfer.  We use data for the years 1997-1999, the most recent years available.  The AUTM data is self-reported and not audited.  Given the increase in publicity surrounded the data, there is an incentive for those completing the AUTM questionnaire to be more accurate in the later years compared with the earlier years of the data collection effort.  Using the most recent data updates the previous empirical studies displayed in Table I.

Faculty quality is from the National Research Council "Research Doctorate Programs in the United States: Continuity and Change," Committee for the Study of Research-Doctorate Programs in the United States, National Research Council, 1995. We combined this data into two summary measures: the number of scientific departments offering a Ph.D. degree and the average faculty quality rating for all scientific departments. The faculty quality index ranges from a low of 1.0 to a high of 5.0. University research spending and the experience of the TTO measured by years of since the office was established are provided in the AUTM data.

Of particular interest are the variables we include to test hypotheses 2 through 4, and not previously analyzed or discussed in the literature. The measure of greater university rewards for researchers in hypotheses 2 is measured by the amount of royalty income the faculty inventor will receive personally and to support his/her research. This information was gathered by analyzing university policies on distribution of royalty income. Most University’s publish their policy on a web site. The parameters of a University’s policy on distribution of royalty income include University overhead (in addition to any direct expenses such as acquiring a patent), and the distribution percentages (sometimes based on the amount of the royalty: one percentage for less than $100,000 and another percentage for greater than $100,000) allocated to the inventor, the inventor’s laboratory, the inventor’s department and college and to general university purposes. For easy of use in a quantitative analysis the University royalty distribution formula was converted to a dollar amount by assuming that the invention generated an annual royalty of $100,000 and that the direct expenses associated with the license agreement are $25,000.

The royalty distribution for a selected list of 20 University’s, using the above assumptions, is displayed in Table 2. Substantial variation exists across universities in how royalties from license agreements are distributed to the inventor, the inventor’s department and college, the inventor’s laboratory to support research and to the university. A means difference test between public and private universities showed no statistical difference except for the distribution to the inventor’s laboratory and funds allocated by the university to support general research. In only these cases was the distribution from private universities statistically different (and larger) than for public universities. The top four universities in allocating royalty income to the inventor are Carnegie Mellon, Clemson, Akron and Montana State. The four lowest universities are Kansas State, Maine, Nebraska-Lincoln and Arizona State.

The royalty distribution variable tends to cluster around a few values since it is based on percentages that do not vary continuously from zero to 100 percent.  Due to the non-continuous nature of the royalty distribution variable, we also use a dummy variable to measure the impact of different university policies on royalty payouts to inventors.  The dummy variable is 1 if the royalty payout is greater than one standard deviation from the mean; 0 otherwise.

The royalty distribution policies for Harvard (see Table 3) and for Arizona State University are used to provide a concrete illustration of the policies and how the royalty distribution data in Table 2 are calculated. It is interesting to note the clarity of Harvard’s policy and the ambiguity in the Arizona State policy.

The policy for Arizona State University is from the Arizona Board of Regents policy on Patents (available as a download from the University’s web page, although not easy to find).

Revenue Sharing. The university will pay the creator a share of the net income received by the university from any intellectual property licensed or assigned in accordance with this policy. “Net income” is defined as gross revenues resulting from any given intellectual property, less a university administrative fee of not to exceed 15%, then less all unreimbursed costs incurred by the university or its nominee in protecting, licensing, and maintaining the intellectual property. The IP Official will determine the percentage to be paid to the creator, ensuring that it is in accordance with the university’s revenue sharing policy, subject, however, to the following minimum:

The employee who creates intellectual property as the result of work for which he/she is paid by the university and where he/she uses university facilities and resources will receive a minimum of 50% of the first net $10,000 received by the university and a minimum of 25% of the net income received by the university in excess of the first net $10,000.

A second variable used based on a University’s royalty distribution formula is a dummy variable taking on the value 1 if a University allocates a portion of a royalty to the inventor’s department; and zero otherwise.  Our hypothesis is that this variable will be positive. Sharing the royalty with other faculty in the inventor’s department will create a favorable culture towards technology transfer increasing the acceptability of technology transfer as a legitimate academic endeavor for faculty.

The measure of university locations that are characterized by a relatively high concentration of technology firms, industry research, and an entrepreneurial climate is from the Milken Institute report America’s High-Tech Economy (1999). That report developed a composite measure of high-tech spatial concentrations in each of 315 metropolitan areas. The measure or composite index is equivalent to the percent of national high-tech real output multiplied by the high-tech real output location quotient for each metro area. The location quotient equals percent output in each metro area divided by the percent output in the U.S. If the location quotient is greater than 1.0, the industry is more concentrated in the metro area than the U.S. on average. The top and bottom Milken Institute Tech-Poles are presented in Table 4. The dominance of Silicon Valley (San Jose metro) as a high-tech industry center is well documented. The composite index of 23.7 is more than three times the size of second-ranked metro, which is barely larger than the third-place region. Notice that the bottom metro areas have an extremely small tech-pole composite index, zero or approaching zero.

Universities were placed into a metro area based on their location and then assigned the corresponding Milken Institute Tech-Pole composite index. For universities not located in one of the 315 metro areas used by the Milken Institute, the average Tech-Pole composite index for the last 30 metro areas was used to impute a composite index. The imputing of a composite index increases the number of universities in our sample.

We identified universities with a clear mission statement and organizational leadership that promotes technology transfer by examining the content of the TTO mission statement. The content analysis examined whether or not a mission statement was readily available on the University’s web page, the length of the mission statement (the longer the mission statement, the less focus), whether of not the words “licensing, royalty, financial return” appear in the mission statement, whether or not objectives other than licensing technologies for commercialization appear in the mission statement (more objectives mean less focus), and whether or not a statistical report is included on the web page.  The initial measure of university mission focus and leadership is a dummy variable taking on the value 1 if the TTO has a focused mission on licensing and royalties and 0 otherwise.

Following the example earlier on royalty distribution, the TTO mission statements for Harvard and Arizona State University are presented below.

The Harvard Office of Technology and Trademark Licensing Mission Statement:

To bring University-generated intellectual property into public use as rapidly as possible while protecting academic freedoms and generating a financial return to the University, inventors and their departments. To serve as a resource to faculty and staff on interactions with industry.

Harvard has a comprehensive statistical report on their web page showing invention disclosures, patent applications filed, U.S. patents issued, licenses granted and licensing revenues for FY2001 and cumulative activity still current at the end of FY2001. The content analysis of Harvard’s TTO mission statement is classified as having a focus mission, or a 1 in our database.

The ASU Office of Technology Collaborations & Licensing Mission Statement:

The Office of Technology Collaborations & Licensing (TC&L) is charged with implementing ASU’s technology transfer program. We help ASU faculty establish and manage collaborative research relationships with industry. TC&L is part of the Office of the Vice Provost for Research and the service point for Intellectual Property matters for all ASU colleges and departments. Our mission is to foster productive, appropriate, and mutually beneficial research interactions and facilitate transfers of technology between ASU and the private sector.

The content analysis of Arizona State University’s TTO mission statement is classified as not having a focused mission, or a 0 in our database. The mission statement does not mention licenses, licensing income, royalties or generating a financial return. It includes vague goals such as to foster productive, appropriate and mutually beneficial research interactions and manage collaborate research relationships with industry, and no statistical report on ASU’s technology transfer performance is available.

The above variable based on the content analysis of the TTO mission statements remains somewhat subjective.  To reduce the subjective nature of this variable, we use in the regression analysis a dummy variable that takes on the value 1 if a detailed statistical report is available on the output of the TTO; and zero otherwise. A statistical report showing the university’s performance in number of licenses, patents, disclosures, royalties and start-ups indicates benchmarking and performance indicators around the important goals of the TTO, and management oversight.

Results

The descriptive statistics for the invention disclosure equation is shown in Table IV with the regression results displayed in Table V. We use logs for all the variables in this estimation so that the regression coefficients are elasticities. The R-square is quite high for a cross-section model, .804. This is an artifact of including two  “size” regressors; the dollar amount of federal and industry-funded research. These variables are measured as a three-year average 1997-98-99 since invention disclosures will be based, in part, on research undertaken in previous years. There is also relatively high correlation among the independent variables. The correlation between faculty quality and federal funding is .802 and the correlation between federal and industry funding is .737.  This is an instance of the endogenous variables possibly being an issue that makes statements about cause and effect difficult.  It is likely that faculty quality positively influences the amount of research funding.

Each independent variable is statistically different from zero and each is positive as they are expected to be. The elasticity of invention disclosures with respect to faculty quality is close to one, and not statistically different from one. Invention disclosures and faculty quality grow in lock step; a 1-percent increase in faculty quality will result in a 1-percent increase in the number of invention disclosures. The number of science departments offering a Ph.D. has elasticity substantially less than one. Faculty quality has a greater marginal product than the number of faculty in producing invention disclosures.

As expected, both the dollar amounts of federal and industry research funding have a positive and statistically significant impact on invention disclosures. The federal elasticity is less than one, which is to be expected since the preponderance of federal research support is directed toward basic research. The industry elasticity of .327 is larger than the federal elasticity, which would be expected since industry support is directed toward commercial applications. It is somewhat surprising that the industry elasticity is substantially less than one, indicating that a 1-percent increase in industry funding yields less than a 1-percent increase in invention disclosures. This might reflect the difficulty in generating invention disclosures and identifying commercial applications from funded research.

The descriptive statistics for the variables used to estimate equation 2 are presented in Table VII.  The regression results for the number of licenses executed in FY 99 are shown in Table VIII.  For licenses executed in FY 99 we present four models, one excluding and one excluding estimated invention disclosures and one with income to the inventor measured as a continuous variable and one with income to the inventor measured as a dummy variable.

In the licenses executed equations, the model “explains” 45 and 46 percent of the variation without invention disclosures and 51 percent with invention disclosures. 

The “institute type” variables (Medical School, Private University, Land-Grant University) are not statistically different from zero at the 5-percent level in all equations. Land-Grant University has the expected positive sign in all estimations, and is statistically significant at the 10-percent level in Model 1. Our findings provide weak support for the view that Land-Grant universities are more likely than other universities to continue to follow their traditional mission and produce knowledge that is used by industry. Our results show that there is no difference among Private and Public universities with respect to technology transfer outputs.  Public universities have become more interested in promoting technology transfer in recent years as a revenue source and to promote local economic development thus eliminating any advantage attributed to Private universities by being more flexible and less bureaucratic. We tested to see if there are differences among Private and Public universities in the other independent variables in equation 2.  A statistically significant difference was found only for the Tech-pole composite index (2.7822 for Private universities and .6360 for Public universities). The Private university dummy variable is still negative and not statistically different from zero when removing the Tech-pole composite index from the regression estimation.  The Medical School dummy variable has a positive sign in all equations, but is not statistically different from zero.  The influence of a Medical School may work through generating more funded research, and thereby increasing the number of invention disclosures or the raw material available for licensing by the TTO.

 For the equations excluding invention disclosures, the variables used to evaluate the three hypotheses are all statistically different from zero and have the expected positive sign. Income to the inventor, experience of the TTO, a focused mission supporting licensing and royalty income and the technology industry environment of the university all have an important influence on the number of licenses executed.  The dummy variable measure of income to the inventor has greater statistical significance and precision than the continuous variable.  The dummy variable for royalty income distributed to the inventor’s department is negative and statistically significant at the 5-percent level.  This finding is counter to our hypothesis that a royalty distribution to the inventor’s department will increase the culture supporting technology transfer as a legitimate academic endeavor.  It appears that the distribution of royalty income is a ‘zero-sum game’ with respect to the inventor and improving the performance of the TTO.  Any allocation of royalty income not to the inventor reduces the incentives of inventor’s to work with the TTO and the licensing company to make the technology a commercial success.

The third and fourth licenses executed equations have invention disclosures as a measure of TTO size and as the inputs available to the TTO for licensing. Including invention disclosures increases the R-square and reduces the statistical significance of income to the inventor and the TTO having a focused mission – although both variable still have the expected positive sign.  The correlation coefficient of estimated disclosures with income to the inventor and focused mission are respectively .068 and .272.

One final note on the licenses executed models.  We included two additional variables in the models: a dummy variable for a top 25 Business Week Business School and a dummy variable for a top 25 Success Magazine Entrepreneurship program.  A high degree of correlation (.61 and .32) and multicollinearity existed among these two variables and the Tech-Pole Composite Index.  When these variables were included they were statistically significant at the 1-percent level and positive, and the Tech-Pole Composite Index was not statistically different from zero.  Many of the metropolitan areas in the Tech-Pole Composite Index with high index numbers are home to top 25 Business Schools (San Jose, Boston, New York, Chicago, Los Angeles).  This represents another of the endogenity issues and makes cause and effect statements difficult.

The results we report using licenses executed as the dependent variable can be compared with the Thursby, Jensen & Thursby (2001) findings. Their model on licenses has significant and positive effects for invention disclosures, size of the TTO measured by the number of staff and having a medical school. Our results confirm the significant and positive impact of invention disclosures on licenses executed. We do not include the number of staff in the TTO because of its high correlation with invention disclosures, .90 in our data. We differ on the significance of having a medical school. Our study has a larger sample, 99, compared to 47 for the Thursby, Jensen & Thursby paper. We use licenses executed in FY 99 while they use the average of licenses executed 1994-96.  The decision to use FY 99 instead of a three-year average, 1997-99, is based on maximizing the number of universities in our analysis.  Not all universities respond annually to the AUTM survey and taking a three-year average reduces the sample size by 15 percent.  Further, we examined the correlation among the number of licenses executed in FY 99 with the three-year average 1997-99.  The correlation is .96, suggesting that not much information is lost by using FY 99 compared with the three-year average.

The regression equations on the other outputs from the TTO are shown in Table IX.  For ease of exposition only the statistically significant variables are reported.  The findings for all the models with a measure of licenses as the dependent variable (number of licenses generating income in FY 99 -income from a license regardless of in what year the agreement was executed; licenses with equity and cumulative active licenses), the results are consistent with the licenses executed models shown previously.  Estimated invention disclosures, tech-pole index and years of TTO experience are all statistically significant with positive signs.  As in the earlier analysis, if invention disclosures are eliminated from the equation, income to the inventor and report on TTO activities are positive and statistically significant. All the institutional type variables are not statistically different from zero at the 5-percent level, although Land-Grant University has the expected positive sign.

In the model for license income received all the independent variables related to our hypotheses are statistically different from zero and has a positive sign. The R-square for the equation, .23, is substantially lower than in the other TTO output models. This result is to be expected since the distribution of license income is highly skewed and is attributable to substantial commercial successes for only a few inventions. In the start-up model, only experience of the TTO and the technology industry environment in the region of the university are statistically different from zero.

Conclusion

University research is a source of significant innovation – generating knowledge, which diffuses to adjacent firms and entrepreneurs. Universities have established TTO’s to foster interaction with industry and commercialization of research. Our study advances knowledge about the factors that influence the success of TTO’s and suggests policy recommendations. Among the contributions of the study is to empirically measure the impact of university organizational practice and environmental factors on the success of university TTOs. Examples of the hypotheses we test are: universities that provide greater rewards for faculty involvement in technology transfer will generate more licenses and royalty income, a mission focused on licensing and royalty income is indicative of leadership and university culture, and an entrepreneurial climate are complimentary to a university generating more licenses.  We also update the existing literature by using the most recent AUTM data available, and model university technology transfer process as a two-stage process.

Our results are consistent with and support our hypotheses. Table X has a summary of the findings.  Entrepreneurial climate, measured by the Milken Foundation Tech-Pole Index, has a positive and statistical significant impact on all outputs from university technology transfer. This result emphasizes the importance of the spillovers and externalities from having a large and growing technology industry in the region surrounding a university.  Policies to attract technology industries and private sector research will have spillover benefits and generate feedback effects through increasing university technology transfer. 

The positive impact of having a focused mission on producing licenses and royalty income means that Universities having multiple objectives with technology transfer will not perform as well as Universities with a clear focus, measured here by a readily available comprehensive statistical report on TTO activities. 

The findings on the distribution of royalty income, while suggesting that higher payouts to inventors yield greater technology transfer outputs, were not as strong as anticipated.  The largest impact of this variable was on the license income received suggesting that successful university technology transfer requires continued involvement of the inventor, and that inventor involvement is related to the amount of royalty income received by the inventor.  Further, our results indicate that distributing royalty income for general universities purposes reduces the income available to the inventor and has a negative impact on TTO performance.

The most important factor influencing license agreements from the TTO is the number of invention disclosures available for licensing.  The only factor input in the invention disclosure equation with elasticity of one is faculty quality.  Increasing faculty quality will yield a one to one return on invention disclosures, which in turn will result in greater license agreements from the TTO.  We expect that universities will begin to bid against each other for ‘star’ faculty with demonstrated performance in generating invention disclosures that can be successfully commercialized.

Improving the measures of university organization and environment can extend this study. The distribution of royalty income requires further investigation. Additional measures of university organization might include the method of funding the TTO, the reporting structure of the TTO within the university, the experience of the TTO director and measures of support infrastructure for technology transfer such as existence of a university incubator.  A simultaneous equation model might improve the parameter estimates and better isolate the complex channels through which faculty quality, invention disclosures, funded research, and size of the TTO all influence the university technology transfer outputs. 
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Figure 1: The Process of University Technology Transfer

Table I

Summary of Empirical Research on University Technology Transfer

	
	Thursby & Kemp (2002)
	Rogers, Yin & Hoffmann (2000)
	Foltz, Barham & Kim (2000)
	Siegel, Waldman & Link (2002)
	Thursby, Jensen & Thursby (2001)
	Carlsson & Fridh (2002)

	Statistical Technique
	DEA & Logit Regression on Efficiency Score
	Correlation of Characteristics Technology Transfer Score
	Linear Regression
	Stochastic Frontier Estimation
	Linear Regression
	Linear Regression

	Sample Size
	112 Universities
	131 Universities
	142 Universities
	113 Universities
	47 Universities
	170 Universities

	Year(s) Analyzed
	1991-1996
	1996
	1991-1998
	1991-1996
	1994-1996
	1991-1995    & 1996

	Measurement of Effectiveness [dependent variable(s)]
	Licenses Executed; Industry Sponsored Research; Patent Applications; Invention Disclosures; Royalties Received
	Scale Based on: Invention Disclosures; Patent Applications; Licenses Yielding Income; Start-ups; Licenses Income
	Summation of Patent Applications from 1991-1998 in Biotechnology; Total University Patents
	# Of License Agreements & License Revenue
	Licenses Executed; Amount of Royalties Received; Number of Patents; Amount of Sponsored Research
	Technology Transfer Modeled as a Sequence of Events; Focus on Number of Patents & Number of  Licenses

	Primary Data Source(s)
	AUTM
	AUTM & NSF
	US Patents, NSF & AUTM
	AUTM
	AUTM & Survey of TTO’s
	AUTM & Survey of TTO’s

	Key Results
	Faculty Quality Important in Engineering; # of Staff; Significant (+) Private more efficient than Public; Medical School less efficient
	Significant & Positive are Faculty Quality; # of Staff; Age of TTO; Federal Research Funding
	Significant & Positive are Faculty Quality; # of Staff; Federal Research Funding
	Universities in States with higher levels of industrial R&D are less inefficient; older TTO’s tend to be closer to the frontier.
	Significant & Positive are Invention Disclosures; # of Staff; Medical School; Not Significant is Faculty Quality
	Research Expenditures, Invention Disclosures, & Years TTO Operating are Important


Table II

Royalty Distribution for Selected Universities*

	University
	Inventor
	Department & College
	Inventor’s Laboratory
	University

	Arizona State
	22,812
	
	
	77,188

	Carnegie Mellon
	88,750
	
	
	11,250

	Colorado State
	30,000
	15,000
	
	55,000

	Columbia
	50,000
	
	25,000
	25,000

	Harvard
	25,000
	60,000
	
	15,000

	Louisiana State
	40,000
	22,000
	
	38,000

	MIT
	27,083
	27,083
	
	45,833

	NYU
	50,000
	
	
	50,000

	North Carolina State
	31,250
	
	
	68,750

	U. of Akron
	59,375
	
	
	40,625

	U. of Illinois
	40,000
	20,000
	
	40,000

	U. of Kansas
	25,000
	
	
	75,000

	U. of Texas
	50,000
	
	
	50,000

	Auburn
	30,000
	
	
	70,000

	U. of Utah
	33,000
	
	
	67,000

	U. of Southern California
	28,333
	28,333
	
	43,333

	Stanford
	27,084
	54,166
	
	18,750

	Ohio State
	54,166
	20,833
	
	25,000

	Clemson
	60,000
	
	
	40,000

	Emory
	40,000
	20,000
	20,000
	20,000


*Based on $125,000 royalty with $25,000 in direct expenses.

Table III

Harvard University’s Royalty Policy

	Cumulative Amounts Received
	First $50,000
	Above $50,000

	Creator(s)
	35%
	25%

	Creator(s)’ Department

[The creator(s) may direct the use of half of the department’s share so long as he/she/they remain at Harvard.]
	30%
	40%

	School (Dean’s Office or Vice President)
	20%
	20%

	President and Fellows of Harvard College
	15%
	15%

	Total
	100%
	100%


Table IV

Milken Institute Tech-Poles Composite Index

	San Jose, CA
	23.686 

	Dallas, TX
	7.063

	Los Angeles-Long Beach, CA
	6.908

	Boston, MA
	6.308

	Seattle-Bellevue-Everett, WA
	5.191

	Washington, DC-MD-VA-WV
	5.078

	Albuquerque, NM
	4.978

	Chicago, IL
	3.751

	New York, NY
	3.666

	Atlanta, GA
	3.462

	Visalia-Tulare-Porterville, CA
	0.001

	Wausau, WI
	0.001

	Wheeling, WV-OH
	0.001

	Cumberland, MD-WV
	0.000

	Danville, VA
	0.000

	Enid, OK
	0.000

	Gadsden, AL
	0.000

	Jackson, MI
	0.000

	Jacksonville, NC
	0.000

	Sioux City, IA-NE
	0.000

	Steubenville-Weirton, OH-WY
	0.000


Table V

Descriptive Statistics For Invention Disclosures (Equation 1)

	Variable Name
	Mean*
	Standard Deviation

	Invention Disclosures
	73.7
	68.1

	Number of Departments
	12.7
	5.7

	Faculty Quality Index
	2.8
	.8

	Federal Research Grants
	111.5
	128.0

	Industry Research Grants
	15.9
	16.6

	Variable Name
	Invention 

Disclosures
	Number of Depts.
	Faculty Quality
	Federal

Research
	Industry Research

	
	Correlation Coefficients

	Invention Disclosures
	1.00
	.70
	.78
	.82
	.80

	Number of Departments
	
	1.00
	.62
	.68
	.58

	Faculty Quality Index
	
	
	1.00
	.80
	.63

	Federal Research Grants
	
	
	
	1.00
	.74

	Industry Research Grants
	
	
	
	
	1.00


N = 83 universities, 1997-1999; source AUTM (2000).

*Mean and Standard Deviations are for variables before the logarithmic transformation.

Table VI

Regression Results: Invention Disclosures

	Annual Average Invention Disclosures 1997-99

	Faculty Quality Index
	.915*

(.302)

	Number of Departments
	.297*

(.116)

	Federal Research Grants
	.202**

(.098)

	Industry Research Grants
	.327*

(.064)

	Sample Size
	83

	R-Square
	.804


*Statistically significant at 1% level or better.

**Statistically significant at the 5% level or better.

***Statistically significant at the 10% level or better.

Table VII
Descriptive Statistics for TTO Outputs (Equation 2)

	Variable Name
	Mean
	Standard Deviation

	 Licenses Executed, FY 99
	27.77
	37.25

	 Licenses Generating Income, FY 99
	57.18
	92.61

	License Income Received, FY 99
	$5,923,932
	$14,714,392

	Start-ups Initiated, FY 99
	2.02
	2.90

	Licenses with Equity, FY 99
	1.65
	2.73

	Cumulated Active Licenses
	134.94
	195.55

	Income to Inventor ($100,000 Net Royalty)
	$43,157
	$12,624

	Income to Inventor GT 1 STDDEV
	.1212
	.3280

	Income to Inventor GT 2 STDDEV
	.02
	.1407

	Report on TTO Activities
	.31
	.46

	Tech-Pole Index
	1.3883
	2.9270

	Years TTO Experience
	13.8081
	11.7792

	Private University
	.2828
	.4527

	Land Grant University
	.3535
	.4805

	Medical School
	.5960
	.4932

	Royalty to Inventor’s Dept
	.5152
	.5023

	Estimated Invention Disclosures (logs)
	3.8964
	.5662


Table VIII

Regression Results:  Number of Licenses Executed in FY 1999 (Standard Errors in Parenthesis Below Estimated Regression Coefficients)

	
	Model 1
	Model 2
	Model 3
	Model 4

	Income to Inventor
	.00048***

(.000249)
	
	.00034

(.00025)
	

	Income to Inventor GT 1 STDDEV
	
	19.882**

(9.538)
	
	13.053

(9.568)

	Tech-Pole Index
	4.155*

(1.111)
	4.067*

(1.097)
	3.667*

(1.144)
	3.607*

(1.135)

	Years TTO in Existence
	1.429*

(.281)
	1.329*

(.272)
	.962*

(.352)
	.893*

(.343)

	Report on TTO Activities
	13.029**

(6.382)
	13.261**

(6.350)
	8.569

(6.660)
	9.215

(6.635)

	Private
	-3.615

(7.576)
	-5.692

(7.821)
	-1.151

(7.915)
	-2.257

(8.183)

	Land-Grant
	12.552***

(7.240)
	11.423

(7.268)
	9.248

(7.544)
	8.608

(7.582)

	Medical School
	9.501

(6.571)
	10.403

(6.474)
	2.100

(7.442)
	2.616

(7.410)

	Royalty to Inventor’s Dept
	-12.127**

(5.867)
	-12.019**

(5.849)
	-10.150***

(6.244)
	-10.168**

(6.242)

	Estimated Invention Disclosures
	
	
	24.428*

(7.011)
	24.220*

(7.025)

	Sample Size
	99
	99
	86
	86

	R-Square
	.459
	.462
	.531
	.531


*Statistically significant at the 1-percent level or better.

**Statistically significant at the 5-percent level or better.

***Statistically significant at the 10-percent level or better.

Table IX

Regression Results for Other TTO Outputs (only statistically significant regression coefficients are reported, standard errors in parenthesis).

	
	Licenses Generating Income, FY99
	Licenses with Equity, FY99
	Cumulative Active Licenses
	Start-Ups, FY99
	License Income Received, FY99

	Income to Inventor
	
	
	
	
	243.817**

(109.564)

	Years TTO Experience
	3.766*

(.823)
	.03418***

(.018)
	7.645*

(1.455)
	.08304*

(.016)
	358707*

(118524)

	Tech-Pole Index
	5.711**

(2.614)
	.549*

(.065)
	16.205*

(5.246)
	.542*

(.070)
	1113306*

(471672)

	Report on TTO Activities
	31.308***

(16.659)
	
	
	
	6745331**

(2880703)

	Private
	
	
	
	
	

	Land Grant
	
	
	
	
	

	Medical School
	
	
	
	
	

	Estimated Invention Disclosures
	49.949*

(15.558)
	1.164*

(.363)
	107.796*

(29.855)
	
	

	Royalty to Inventor’s Dept.
	
	
	
	
	

	Sample Size
	86
	91
	90
	105
	100

	R-Square
	.512
	.593
	.548
	.514
	.228


*Statistically significant at 1-percent level or better.

**Statistically significant at 5-percent level or better.

***Statistically significant at 10-percent level or better.

Table X

Support for Hypotheses

	
	Dependent Variable

	
	Licenses 

Executed 

in FY 99
	Licenses Generating Income
	Cumulative Active 

Licenses
	License 

Income

	Hypothesis 1

“Experience of the TTO”
	Strong
	Strong
	Strong
	Strong

	Hypothesis 2

“Greater Rewards to Inventor”
	Weak
	Weak
	Weak
	Strong

	Hypothesis 3

“Location in Region with Concentration of Technology Firms”
	Strong
	Strong
	Strong
	Strong

	Hypothesis 4

“Focused Leadership on TTO Goals”
	Weak
	Strong
	Weak
	Strong


Strong = statistically significant with correct sign.

Weak  = correct sign; statistically significant when invention disclosures excluded.
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