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Abstract
Nearly 40 years ago Congress laid the foundation for federal agencies to engage in tech-
nology transfer activities with a primary goal to make federal laboratory research out-
comes widely available. Since then, agencies generally rely on universal metrics such as 
licensing income and number of patents to measure the benefit of their technology transfer 
program. However, such metrics do not address the requirements set by the current and 
previous administrations, which require agencies to better gauge the effectiveness and 
return on investment of their technology programs. Here we evaluate two metrics, filing 
ratio and transfer rate, and empirically evaluate these metrics using data from Department 
of the Navy’s most transactionally active laboratory, as well as recently released agency-
reported data available from the FY 2015 annual technology transfer report (15 U.S.C. 
Section 3710). We additionally propose other federally-relevant metrics for which agency 
data are not currently available. Results presented here indicate that these modernized met-
rics may potentially fulfill the requirements set by executive guidance. The study findings 
also point out to other metrics that are relevant to practitioners, program managers, and 
policymakers in the evaluation of technology transfer programs for better measurement of 
effectiveness, efficiency, and return on investment.
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1 Introduction

“Federal technology transfer” classically refers to transactional mechanisms and the means 
through which innovations stemming from federal laboratories are transferred to the pri-
vate sector for development and commercialization. Research activities occurring at any 
specific federal laboratory are typically in support of a particular agency’s mission, such 
as improving and promoting public health or security. Prior to 1980, there was essentially 
no emphasis on commercialization and seeing tangible benefits from technologies devel-
oped at federal laboratories (Economist 2002). In order to provide maximum benefit to 
the public from the growing federal expenditure on research activities, congress laid the 
foundation for federal technology transfer by passing the Stevenson-Wydler Technology 
Innovation Act of 1980 (PL 96-480). The act required each federal laboratory to estab-
lish an Office of Research and Technology Applications (ORTA), staffed by personnel 
proficient in the technical field of the laboratory and who are capable of performing com-
mercial assessments of the internally-developed technologies, and whose responsibilities 
include engaging industry partners for the purposes of seeking further development and 
commercialization of laboratory technologies, as well as general economic development 
(Spann et al. 1993). In the same year, another landmark law, the Bayh-Dole Act of 1980 
(PL 96-517), motivated universities, not-for-profit organizations and small businesses to 
take control of commercially-relevant inventions resulting from federally-funded research, 
and transform them into commercial products (Gardner et al. 2010). As a result of these 
two laws, a significant increase in patenting and licensing activities was observed across all 
science and technology sectors (Rhoten and Powell 2007).

Since licensing income is an obvious outcome of commercialization activities and is 
required to be reported under the Technology Transfer Commercialization Act of 2000 (PL 
106-404), licensing income as well as patents became common metrics to measure technol-
ogy transfer programs. This led to a belief that the most successful ORTAs and technol-
ogy transfer offices (TTOs, the university equivalent to the federal ORTA) are those that 
are able to generate the most income through licensing (McDevitt et al. 2014). However, 
use of either patenting activities or licensing income as metrics is highly misleading, espe-
cially within the context of a federal laboratory, as the vast majority of patents are never 
licensed, and it is common that a single license disproportionally accounts for nearly all 
of the income received by a particular TTO (or ORTA), which may otherwise have low 
or moderate performance by other measures (Vinig and Lips 2015; Lemley and Feldman 
2016). Over the years, a general perception has emerged that investments in federal labo-
ratories have not resulted in adequate returns (Spann et al. 1995), and technology transfer 
activities at federal laboratories broadly lag behind those in the private sector (Carr 1992a), 
but relative measures and empirical analyses are hard to come by.

Traditionally, metrics are developed to measure the desired expectations or outcomes, 
and are aligned with organizational mission. In deciding which technology transfer met-
rics to use, policymakers and practitioners must examine their underlying motivations for 
measuring the performance. The classical goal of an ORTA is to transfer commercially 
relevant technologies to the private sector and make those outcomes broadly available for 
the nation’s benefit (Spann et al. 1993). As federal laboratories are supported by appropri-
ated funds and as the technologies themselves are nascent, this purpose generally does not 
prioritize acquiring income from industry partners to augment the cost of federal research 
(Chapman 1989). Revenue generation through research programs may not be the primary 
goal of universities (Woodell and Smith 2017; Abrams et al. 2009), even if universities still 
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tend to be more sensitive to economic fluctuations and focus more on generating revenue 
for the university through the use of licensing and equity positions in spin-offs (Siegel et al. 
2007). Given the wide variation in scope, mission and criteria for success across federal 
agencies and universities, measuring both tangible and intangible effects of technology 
transfer using a common metric is unrealistic and misleading (Franza and Srivastava 2009).

This lack of relevant metrics to evaluate the benefits of technology transfer activities, 
especially for federal laboratories, is well recognized (Premus and Jain 2005). A Presiden-
tial Memorandum (Obama 2011) attempted to address this by directing agencies to estab-
lish performance goals as per their agency’s mission, improve and expand appropriate 
metrics, and track the pace of technology transfer and commercialization activities. More 
recently, the President’s Management Agenda further recommended agencies to improve 
methods of evaluating the return on investment (ROI) in federal laboratories, and develop 
more effective transfer mechanisms (Trump 2018). Toward this end, federal agencies need 
to shift away from the use of patents or monetary metrics, and focus more on measure-
ments that specifically gauge the efficiency and effectiveness of technology transfer pro-
cesses and ROI (Copan 2018).

Toward that end, the purpose of this paper is to examine current technology transfer 
metrics and both explore and develop metrics that offer a holistic assessment of an agen-
cy’s program in an effort to better gauge ongoing efficiency, effectiveness, and an agency’s 
prudent use of resources. Here, we present improved metrics, and empirically evaluate 
their use using agency data and an example federal laboratory, and compare against non-
federal sector-wide norms. We then discuss our conclusions and implications for policy.

2  Metrics for federal agencies

Literature evaluating technology transfer in federal laboratories is extremely limited, appar-
ently due to the inaccessibility of agency-specific data (Chen et  al. 2018; Papadakis 1995; 
Jaffe et al. 1998). A few studies have developed various theoretical models to assess technol-
ogy transfer based on expected outcomes (Carr 1992b; Franza and Grant 2006; Landree and 
Silberglitt 2018). These models focus on measuring outcomes such as number of licenses, 
number of agreements, royalty income earned, profits, and cost savings. Some agencies have 
also made efforts to establish guidelines for data collection and provide tools to measure and 
track technology transfer activity (Rood 1998). In 1987, pursuant to Executive Order 12,591, 
an Interagency Working Group on Technology Transfer (IAWGTT) was established of policy-
makers to coordinate technology transfer issues and exchange information (Chapman 1989). 
Following the Presidential Memorandum of 2011, that same group of policymakers developed 
guidance for federal agencies regarding the use of appropriate metrics to track their technol-
ogy transfer activities (IAWGTT 2013), with the data collected then compiled into an annual 
technology transfer report by National Institute of Standards and Technology (NIST) under 
the authority of 15 USC 3710(g)(2). A number of measurements are already required to be 
reported under 15 USC 3710(f), such as reporting the number of patent applications filed and 
patents received, number of each type of active licenses (exclusive, partially exclusive or non-
exclusive) producing income for the agency, disposition of licensing income, and anecdotal 
examples of public benefit. Given that Cooperative Research and Development Agreements 
(CRADAs) are the chief way by which federal laboratories and industry collaborate together 
and CRADAs (rather than license agreements) dominate the formal channels of federal tech-
nology transfer, the number of CRADAs are also routinely reported by agencies (Adams et al. 
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2003; Berman 1994). While those metrics are useful for reporting outcomes, it is notable that 
none address measures of efficiency related to ongoing practices of the agencies, including 
measures of “pace” or “effectiveness” explicitly mentioned in the 2011 Presidential Memo-
randum (Obama 2011) and 2018 President’s management agenda (Trump 2018), respectively. 
Additionally, the lack of standardization across the agencies for even the currently required 
metrics, routinely leads to ambiguity between the reporting of data on agency websites, and 
that reported in the federal-wide annual reports (HHS 2017).

Given the similarity between ORTAs and university TTOs, metrics used by academic 
institutions were also evaluated. Most studies used surveys to propose numerous metrics that 
measure direct results of technology transfer activities such as number of patents (Jaffe and 
Lerner 2001; Hsu et al. 2015), patenting control ratio (Tseng et al. 2014), licensing income 
(Kim et al. 2008; Anderson et al. 2007) and number of start-ups (Fraser 2009; Ustundag et al. 
2011). Souder et  al. proposed interesting metrics such as the number of products resulting 
from technology transfer adopted by users (Souder et al. 1990). Studies have also proposed 
metrics such as economic benefits (Geisler 1994) and measurement of nonmonetary benefits 
(Sorensen and Chambers 2008) resulting from technology transfer activities. However, use 
of such indirect metrics typically involve significant assumptions (Bozeman et al. 2015) and 
require a long term study to access the benefits resulting from such activities (Hertzfeld 2002). 
Overall, there are few, if any, measurements that are consistently applied; and although some 
articles do propose to use number of employees or amount of research funding in dollars as 
denominators to create comparable ratios, this has not been widely applied.

One article proposed using “Licensing Success Rate” (LSR) as a metric to assess technol-
ogy transfer operations (Stevens and Kosuke 2013). LSR was calculated by measuring the 
number of licenses granted out of the total number of invention disclosures received by a TTO 
in a given year. The average LSR from one hundred and forty-two U.S. institutions over a time 
period of 20 years (1991–2010) was observed to be 25% (i.e., x licenses/y disclosures = 0.25). 
Naturally, when the LSR from individual institutions was compared for a given year, a wide 
distribution (standard deviations of 37.6 for 1993 and 45.2 for the year 2010) was seen. It was 
also observed that in general academic universities engaged in fundamental research have sig-
nificantly lower than the average 25% LSR, while those with more applied research programs 
had higher LSRs. The authors further proposed beating the 25% LSR to be a worthy aspira-
tional goal and the LSR serves as a good metric to determine the efficiency and effectiveness 
of a TTO (Stevens and Kosuke 2013).

As the LSR metric aligns well with both congressional and executive guidance, we thought 
to explore a variation of LSR as a metric to evaluate and analyze the activities of federal lab-
oratories. Given the challenge in obtaining data from most federal laboratories (Link et  al. 
2011; Papadakis 1995; Jaffe et al. 1998), we decided to apply this and other metrics to ana-
lyze the activities of the Navy’s most transactionally active ORTA (the ORTA serving labora-
tories within the Navy Medicine Research and Development enterprise, NMR&D), and also 
more broadly analyze data from the FY 2015 annual technology transfer report for all agencies 
(NIST 2018).
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3  Metrics to gauge performance

3.1  Filing ratio, a measure of the prudent use of resources

The Filing Ratio can be calculated from currently reported data and is the ratio of number 
of patent applications that represent a distinct and novel invention filed, divided by total 
number of new invention disclosures in a fiscal year (FY). The numerator includes either 
any new US non-provisional or provisional application filed during the fiscal year, exclud-
ing double counting with any given invention counting only a single time (i.e., the same 
invention filed repeatedly or in more than one jurisdiction still counts as a single filing). 
For example, a new provisional application filing would be counted, but the filing of the 
corresponding non-provisional application 1  year later, would not. The Filing Ratio can 
also be applied at the individual laboratory level, thereby providing information related to 
current practices of the specific laboratory, as well as at an agency level. In both cases it 
provides insight into how discriminate an agency is and whether or not invention disclo-
sures are judiciously evaluated prior to filing a patent application, indicating how prudent 
an agency and laboratory are in their use of patenting resources. According to the analyses 
of Stevens et al., most universities file patent applications for about 60% of the invention 
disclosures they receive in a year (Stevens 2017). Therefore, using the 60% Filing Ratio 
as a benchmark industry norm for comparison purposes, a Filing Ratio greater than 60% 
would be consistent with relatively indiscriminate filing, and a Filing Ratio less than 60% 
would be consistent with a more judicious approach and prudent use of resources (Fig. 1).

3.2  Transfer rate, a broad measure of effectiveness

Transfer Rate is the ratio of number of new patent licenses granted over the total num-
ber of patent applications filed, and can also be calculated from currently-reported data. 
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Fig. 1  Average filing ratio (± SE) of federal agencies from FY 2011 to 2015. 60% filing ratio is considered 
to be the university industry-wide norm, and is marked with a dashed line. Values above this would suggest 
a less discriminate approach towards evaluation of patents, while lower values would indicate a more dis-
criminative approach. Source: NIST report (2018)
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Due to significant resources invested in patenting, the metric is restricted to only licenses 
involving patents and patent applications, and does not include licenses to the non-patented 
technologies, datasets, or materials that lack patent support. The Transfer Rate differs from 
LSR (Stevens and Kosuke 2013) because the Transfer Rate provides specific information 
related to how many of those patented technologies were actually licensed by the agencies. 
Since the amount of licensing occurring in a given year results from inputs over multiple 
years (see Fig. 2), the Transfer Rate is a metric that measures laboratory and agency out-
put resulting from activities performed over the current year, as well as recent past years. 
Collectively, the Transfer Rate and Filing Ratio provide information related to invention-
related input and output activities of a laboratory and are easily scalable to the agency 
level, especially as agencies already track the component metrics (i.e., number of disclo-
sures, number of patent applications filed, and number of licenses). Since the Transfer Rate 
differs from the LSR metric by tying the ratio to patent filings as opposed to disclosures, 
in order to calculate a comparable benchmark value to the 25% industry-wide LSR, we 
used the 60% Filing Ratio noted by Stevens et  al. as the TTO industry norm, resulting 
in the following formula: LSR * 1/Filing Ratio = (number of new patent licenses/num-
ber of new disclosures) * (number of new disclosure/number of new patent applications 
filed) = 0.25/0.6 = 0.4167. Therefore, the industry-wide Transfer Rate is approximately 
42%, a number that can be used to gauge each agency’s (and individual laboratory’s) rela-
tive effectiveness.

3.3  Applying these measures to laboratories and agencies

We tested the functionality of these two metrics using numbers from the ORTA responsible 
for NMR&D. Briefly, the NMR&D laboratory enterprise is engaged in a broad spectrum 
of research and development activities, from basic and applied laboratory-based science to 
field studies at various sites in the world. The NMR&D ORTA hosts the largest CRADA 
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Fig. 2  Average transfer rate (± SE) of federal agencies from FY 2011 to 2015. A 42% transfer rate is the 
industry-wide norm and is marked with a dashed line. Values above the line would suggest more effective 
programs. Source: NIST report (2018)
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portfolio in the Navy and routinely executes resource-leveraging partnerships as the pri-
mary mechanisms to incent industry to invest resources in a technology before potentially 
transitioning it to the Navy for use (Hughes et al. 2011). As shown in Table 1, NMR&D 
patenting staff filed 115 US provisional applications for 138 invention disclosures that were 
received from FY 2006 to 2016, resulting in a Filing Ratio of 83.4%, which is among the 
more judicious numbers within the DoD, if still higher than the industry average. Even-
tually, 99 related subsequent patent applications were filed that claimed priority to those 
initial provisional applications (69 Non-provisional, 17 Divisional applications (DIVs), 6 
Continuation applications (Conts.), 7 Continuation-in-part applications (CIPs)). Over the 
span of 11 years, 34 domestic patents were ultimately issued to NMR&D, a number that 
also includes granted DIVs, Conts., and CIPs. Out of those 115 filed provisional appli-
cations, the ORTA executed 18 licenses (Table 1), resulting in an average Transfer Rate 
of 15.6 ± 23.2%, which is high within the context of DoD, albeit notably lower than the 
benchmark 42% TTO average. We also determined the Transfer Rate for each fiscal year 
(Table 1). Even though the ORTA had a relatively exceptional year in FY 2008 (Table 1) 
when 2 out of 8 filed applications were licensed non-exclusively to 5 different compa-
nies, other years were comparatively bare, resulting in low average Transfer Rate of 
15.6 ± 23.2%; mean ± SD. It is likely that the lower average Transfer Rate is a result of a 
high Filing Ratio.

Using data from the most recent public technology transfer report (NIST 2018) cover-
ing the years FY 2011–2015, we then evaluated the Filing Ratio and Transfer Rate for 
each agency (Figs.  1, 2). Since patenting activities are higher in some technical fields 
(e.g., health sciences) and lower in others (e.g., physics or computing) (Finne et al. 2009; 
Hicks et al. 2001), and there are large differences in agency resourcing, it is worth noting 
that only 3–4 agencies (DoD, DoE, HHS, and NASA) account for nearly all of the federal 
government’s patenting and licensing activities. Furthermore, just two agencies (DoD and 
DoE) together accounted for ~ 80% of the government’s total reported patent filings (Fig. 
S1). However, as described above, number of patents is an exceedingly poor measure of 
technology transfer given the high amount of patenting activity of non-commercially rel-
evant technologies. Instead of using the absolute numbers of invention disclosures and new 

Table 1  NMR&D’s patent portfolio from FY 2006 to 2016

Fiscal year 
(FY)

Invention 
disclosure 
docketed

Initially filed 
patent applica-
tions

NON-PROV/
DIV/CIP/
CONT.

Ultimately 
issued 
patents

Resulting 
number of 
licenses

TR (%)

2006 13 11 21 10 1 9.1
2007 10 8 9 4 1 12.5
2008 8 6 9 5 5 83.3
2009 8 6 9 3 0 0
2010 17 15 10 5 1 6.7
2011 18 15 16 3 1 6.7
2012 7 5 3 1 1 20
2013 16 14 11 3 0 0
2014 15 6 – 3 20
2015 14 12 4 – 3 25
2016 10 8 1 – 2 25
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invention filings, if one uses Filing Ratio as the metric, then a better picture emerges about 
how judicious an agency or laboratory is in their decision to use federal resources to pursue 
patenting. As shown in the Fig. 1, there are considerable differences in Filing Ratio across 
the agencies. Five agencies had a Filing Ratio higher than the industry norm (60%).

Although the university industry-wide Transfer Rate is approximately 42%, the gov-
ernment-wide average for the eleven agencies over the analyzed period was 25 ± 18%. It 
is notable that the Department of Veterans Affairs (VA) and National Aeronautics and 
Space Administration (NASA) had lower Filing Ratios, yet had higher Transfer Rates 
relative to several of their governmental peers (see Figs. 1, 2), indicating both a judicial 
approach towards evaluation of disclosures and generally more effective technology trans-
fer programs overall. Interestingly, although the relevant statute (15 USC 3703) curiously 
treats the DoD as four distinct agencies (i.e., Army, Navy, Air Force, and the collective 
remaining DoD agencies), the DoD combines all the metrics into a single annual report 
making it more of a challenge to evaluate each specific agency. Two agencies (DoI and 
HHS) achieved the benchmark Transfer Rate of 42% or more, indicating that most agen-
cies appear to not have instituted extensive pre-filing technology evaluation processes. The 
DoD stands out as having the highest Filing Ratio (> 96%) and the lowest Transfer Rate 
(< 6%) (Fig. 2); while the DoE, which is also heavily involved in national security by being 
responsible for the nuclear arsenal, has a Filing Ratio of 55% and a Transfer Rate of 18%.

4  Modernized metrics

4.1  Partnership agreements

Many if not most of the technologies developed in the federal laboratories are early-stage 
technologies that are not commercially relevant and need further development before they 
are ready to be commercialized (Lipinski et  al. 2013; Papadakis 1995; Ham and Mow-
ery 1998). To better leverage government and private-sector resources for the purpose of 
developing technologies congress passed the Federal Technology Transfer Act of 1986 (PL 
99-502) which enabled federal laboratories to enter into cooperative research and devel-
opment agreements (CRADA) with non-Federal entities to share facilities, resources, 
personnel, and expertise (Rogers et al. 1998). In addition to the CRADA authority, many 
federal agencies use other authorities to enter into research and development agreements 
(Varner 2012). For example, DoE utilizes “work-for-others” agreements and user facility 
agreements to permit non-Federal organizations to use its facilities, equipment and techni-
cal expertise (Senate 2002); and the National Institutes of Health executes a large num-
ber of material transfer and collaboration agreements with academic institutions (a num-
ber vastly exceeding their annual number of CRADAs) under the authority of the Public 
Health Service Act. Since there is widespread benefit to advancing science and developing 
technologies, a benefit relevant broadly to the federal government and private sector alike, 
the number of partnership agreements involving non-federal partners, would naturally be a 
good metric for agencies (Franza and Srivastava 2009). Unfortunately, agencies don’t con-
sistently publicly report data related to these other types of partnership agreements, and so 
Fig. 3a focuses only on CRADAs and licenses, comparing the number of executed inven-
tion licenses and new CRADAs. Limiting partnership agreements to just CRADAs, it is 
nevertheless readily apparent that CRADAs far out-number number licenses agreements 
across all agencies for the fiscal years 2011–2015 (NIST 2018). This phenomenon is found 
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at the individual laboratory level as well, as the NMR&D ORTA also established signifi-
cantly higher numbers of CRADAs (Fig. 3b) than licenses in the past 4 years (2014–2017). 
The numbers indicate the widespread reliance on, and value of CRADAs and similar 
resource leveraging partnership agreements to the research and engineering communities, 
as well as the agencies. Few metrics surrounding these types of interactions have been pro-
posed other than gross counts. If the gross count were filtered according to unique domes-
tic partners, this would provide information regarding how interconnected the agency is, 
although such a metric would still not address an agency’s effectiveness, efficiency, or any 
outcome related to a particular transaction. To begin to address this, beyond simply report-
ing the number of partnership agreements, agencies could include number of personnel, 
including support personnel that were involved in the reported transactions. Proximal out-
comes could similarly be monitored by noting the number of joint peer-reviewed publica-
tions (i.e., a publication coauthored by personnel from a federal laboratory together with 
personnel from a non-federal institution) or patents (Narin et al. 1997) resulting from such 
collaborations, outcomes that establish a linkages between the partners.

4.2  Measures of process efficiency

Establishing CRADAs and license agreements depends on a number of factors (Kirch-
berger and Pohl 2016), such as type of collaborator (e.g., small business, non-profit, and 
industry partner), organizational practices (Siegel et  al. 2003; Anderson et  al. 2007), 
people skills (Greiner and Franza 2003) and agency policy affecting the length and com-
plexity of terms within the boilerplate agreements (Bozeman and Crow 1991). These 
factors can significantly impact the time needed to establish a partnership or licensing 
agreement. To comply with recent executive guidance, it is important that all federal 
laboratories establish strategies and set realistic goals to improve the transactional effi-
ciency of various agreements, as well as improve rates of technology licensing. First, 
though, the transaction times needs to be measured and consistently and transparently 
reported (e.g., in calendar days). Simple tracking tools to measure the transaction times 
would help monitor the efficiency of the individual laboratory (and the agency, by 
extension) by measuring the elapsed time since initiation of a partnership agreement 
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negotiation to its final execution. Since partnerships are established in the form of var-
ious projects and stages, organization practices and management of agreements by a 
highly skilled and empowered staff (Siegel et  al. 2003; Swamidass and Vulasa 2009) 
will have significant impact on the transactional efficiency (Ham and Mowery 1998). 
The success of technology transfer activities would depend on low levels of bureauc-
ratization (Bozeman and Coker 1992) and a diligent partner who provides substantive 
response promptly. Toward this end, the DoE recently proposed to reduce the time to 
establish new traditional CRADAs to 60 days in their technology transfer and commer-
cialization plan (Harrer and Cejka 2011). While agency-wide numbers are not available, 
NMR&D has averaged 146 ± 12.9 calendar days (mean ± S.E.; n = 187) between FY12-
FY17, a number far exceeding the DoE’s aspirational time and warranting its own dis-
tinct analysis of the factors contributing to the prolonged time.

One can also measure the time needed to find a licensee for any given invention, and 
use this information to make prudent decisions regarding maintenance fees and follow-
on filings. As an example, while calculating Transfer Rate for this study, we also linked 
each licensed technology to its year of initial filing, providing information about the 
average time it took for the NMR&D ORTA to license each licensable technology from 
its initial filing. It has been reported that universities take an average of 51 months to 
license a technology to industry partners (Markman et al. 2005). Figure 4, shows that 
on an average it took the NMR&D ORTA about 38 months to find a suitable licensee. 
In recent years (2014–2016), the ORTA managed to reduce the average time toof licen-
seing to 12 months from initial filing (Fig. 4). Here too, use of a simple tracking tool 
not only provides for metrics related to the time between filing and licensing, it may 
also help inform patent resourcing decisions as pre- and post-allowance decision points 
arise.
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5  Discussion

Federal agencies keep one-third of the ~ $150 billion U.S. Government R&D budget for 
internal activities, and recent executive guidance has directed agencies to improve and 
expand metrics to measure the efficiency, effectiveness and ROI of their technology trans-
fer processes and programs (Obama 2011; Trump 2018). As reported, the current metrics 
provide little insight into agency technology transfer programs, leaving the requirements 
and guidance of the current and most recent administrations largely unanswered. Putting 
aside ROI for the moment, broad measures of agency technology transfer program pru-
dence and effectiveness can nevertheless be calculated using currently reported data, and 
benchmarked against non-federal counterparts. Specifically, the Filing Ratio and Transfer 
Rate described here can both be rapidly calculated, and each provides information with 
which one can readily assess agency programs against their non-federal peers.

The analyses and results presented here stem from agency-reported data, as well as from 
data taken directly from the Navy’s most transactional ORTA with respect to CRADAs 
(NIST 2018), and these analyses support the idea that Filing Ratio and Transfer Rate are 
useful metrics for tracking the prudent use of resources and effectiveness of each agency 
(and laboratory). It should be noted, however, that the numbers reported in agency reports 
occasionally differ from those reported in the annual NIST report on federal technology 
transfer. For example, non-patent licenses (e.g., biological material licenses) were reported 
by one agency as ‘invention’ licenses in FY2012, FY2013 and FY2015 in the NIST report, 
and different numbers of filed patent applications have been reported on agency websites 
(HHS 2017) than reported in the NIST report (NIST 2018). Nevertheless, Filing Ratio and 
Transfer Rate provide for a meaningful comparison over time within and across agencies.

The higher Filing Ratio for some agencies observed in Fig. 1 indicates that those agen-
cies generally apply a liberal approach towards disclosure evaluation. Although experts in 
the field are keenly aware that, by the numbers, most patents are not valuable (Allison et al. 
2003; Moore 2005) or worth enforcing (Jaffe and Lerner 2006), due to the rather esoteric 
nature of patents, these facts may not be broadly appreciated by policy makers. Typically, 
less than 1% of invention disclosures have any major commercial success (Stevens and 
Burley 1997; Lemley and Feldman 2016); and there is generally little point to over-pat-
enting (Siegel et al. 2004), as this only increases cost for agencies and taxpayers, by exten-
sion. Although one might imagine that some strategic patenting might be occurring in the 
defense sector, the actual number of inventions under secrecy orders due to their subject 
being deemed ‘detrimental to national security’ is relatively few, numbering 85 for all of 
FY18 with just over half (43) of those having private sector inventors (Aftergood 2018), 
indicating that patenting for strictly strategic defense purposes is negligible. The higher 
costs and lower returns suggests an arbitrary patenting strategy is applied at several agen-
cies (Kordal and Guice 2008). The system would broadly benefit from a more discrimina-
tive approach towards evaluating invention disclosures (Ham and Mowery 1998), leading 
to improved success in getting the patented technologies licensed and commercialized.

In this study, we focused primarily on measuring Transfer Rate of technologies with 
patent support as a measure of program effectiveness. However, non-patented inventions 
can account for a significant share of licensing activity (Finne et al. 2009). A metric similar 
to Transfer Rate that includes licensing of non-patented technologies (e.g., the licensed 
transfer of know-how, materials, complementary assets, etc.) may provide additional infor-
mation about commercially-relevant contributions of the federal laboratories (Rantanen 
2012). The lower Transfer Rate observed for most agencies in Fig. 2 may also in part be 
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the result of some laboratories focusing on fundamental research that is at such an early 
stage that it simply fails to interest industry partners. One metric that some agencies use is 
number of publications cited in US patents. However, it is equally important to also meas-
ure number of times a patent is cited in scientific journals or in future patents, especially in 
private sector patent filings, as this provides a measurement of the laboratory’s or agency’s 
‘relevance’ in particular field. This retrospective approach (Lapray and Rebouillat 2014) 
would reflect on the value (Bessen 2008) and the impact of innovation on the downstream 
research efforts (Jung 2007), and will help in assessment of the social value of the inven-
tion (Van Zeebroeck 2011) and laboratory.

The number of partnership agreements and their transaction time provide measures of 
agency and laboratory interconnectedness and competence. Measurements of process effi-
ciency related to transactional activity (e.g., CRADAs and licenses) are critically important 
in order to implement reforms aimed at programmatic improvement (Figs. 3, 4). Naturally, 
different types of transactions would be expected to have different transaction times; while 
simple agreements (e.g., material transfer agreements) could be done within a few days, 
substantive CRADAs could be expected to take up to 60 days, and license agreements up 
to 120 calendar days. Transactions that are too lengthy are among the most common criti-
cisms from both external and internal stakeholders, and encourage the non-memorializa-
tion of activities, leading to the government’s loss of rights to key datasets and potential 
inventions (Hernandez et al. 2017; Scherer et al. 2018). Unfortunately, although executive 
guidance explicitly directed improving the ‘pace’ and ‘streamlining’ of transactions, agen-
cies do not generally report transactional efficiency times.

Explicitly noted in the President’s Management Agenda, is ROI. There are various ways 
to view ROI, ranging from a proximal perspective (e.g., agency outputs/agency inputs) to a 
more systemic perspective (e.g., [agency outputs + agency-enabled partner outputs]/agency 
inputs). Although more proximal datasets generally require fewer assumptions, are more 
reliable, and are more readily reportable, it has been argued that the systemic ROI may be 
many-fold greater than the initial investment. In either case, to accurately determine ROI 
as per the new focus (OMB 2018), agencies need to first provide information related to 
the costs of their technology transfer programs, such as the combined fully-burdened sala-
ries and expenses required to support the establishment of partnership transactions as well 
as patenting activities. However, it has previously been noted that overhead costs, such as 
those related to negotiating transactions and prosecuting patents are not publicly reported 
(Anadon et al. 2016). In light of the Unleashing American Innovation initiative’s new focus 
on ROI (Copan 2018), agencies may choose (and may ultimately be required) to report 
this information. A simple proximal ROI metric that agencies could readily report is: Net 
Costs/# Transactions, which is to say: (Program revenues − Program costs)/(Technology 
transfer Agreements). Program revenue would naturally include license income as well as 
revenue received through various technology transfer agreements such as CRADAs. The 
program costs are all costs associated with the ORTA, including the patenting and support 
staff. This calculation provides the proximal per transaction costs of an agency’s program, 
and a positive number registers when programs bring in sufficient revenues to offset their 
own activities.

However, until agencies start to report their programmatic costs, analyses must make do 
with the currently reported data. In this report, we have used  newly reported data to assess 
federal agencies relative to their non-federal counterparts. Metrics such as Filing Ratio and 
Transfer Rate, and expanded conventional metrics such as number of partnership agree-
ments, transactional efficiency, and even proximal ROI described here, are all simple for 
technology transfer practitioners to apply, can be calculated using existing data and would 
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incent both laboratories and agencies to reflect and implement processes for better out-
comes from internal federal scientific research.
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