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ABSTRACT 

What is new? Trends in university technology transfer practices in the 

United States of America and proposed modifications to 

U.S. public policy underscore the need for validated 

instruments to assess the maturity of technologies.  The 

NASA TRL scale appears to be the most widely adopted 

instrument for measuring technology maturity but 

anecdotal testimony from university technology transfer 

practitioners and evidence in the literature indicate that the 

NASA TRL scale poses challenges in its use, is likely subject 

to idiosyncratic variation, and has not been thoroughly 

validated. 

What was the 

approach? 

Content analysis was used to develop a generalized TRL 

(GTRL) scale to demonstrate that the NASA TRL scale can 

be modified and generalized in a way that increases its 

practicality and minimizes idiosyncratic variation both 

within and across contexts.  A pilot study to assess its 

content validity, intra-rater reliability, and inter-rater 

reliability was performed to determine whether standard 

approaches for validating measurement instruments can be 

applied to validate the GTRL scale. 

What is the academic 

impact? 

The findings of the study suggest that the GTRL scale has 

promise as a potentially more useful measurement 

instrument for technology transfer practitioners than the 

traditional NASA TRL scale, demonstrate the viability of a 

methodology for evaluating its validity and reliability, 

highlight areas where the GTRL scale can be improved, and 

reveal potential methodological issues that researchers may 
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encounter when conducting validity and reliability studies 

of the GTRL scale as well as strategies for coping with those 

challenges. 

What is the wider 

impact? 

The modifications and generalizations of the NASA TRL 

scale, as represented in the GTRL scale, have the potential 

to improve university technology transfer practices.  With a 

valid and reliable measurement instrument, university 

technology transfer practitioners will be able to better 

determine how much a given technology needs to be 

matured and provide better guidance to university 

researchers.  This will also enable practitioners to better 

allocate scarce resources. 

Keywords technology maturity level; technology readiness level; NASA 

TRL scale; university technolgy transfer 

INTRODUCTION 

The incidence of university and federal laboratory technology transfer in the United 

States of America (U.S.) has increased significantly since the passage of the Bayh-Dole 

Act of 1980 (U.S. Congress, 1980), but progress seems to have stalled based on an 

examination of data about licensing rates over the years.  Technology, in this context, is 

broadly defined as culturally influenced information that social actors use to pursue the 

objectives of their motivations, and which is embodied in such a manner to enable, 

hinder, or otherwise control its access and use (Townes, 2022).  Prior to the passage of 

the Bayh-Dole Act, only about five (5) percent of patented technologies derived from 

federally funded research were licensed (Schacht, 2012).  However, not all technologies 

are patentable, so it is reasonable to conclude that the percentage of technologies 

created that were licensed was likely lower.  Currently, about 20 percent of technologies 

(mostly patented inventions) created at U.S. universities, many with the support of 

federal funding, are licensed (National Center for Science and Engineering Statistics, 

2020; Townes, 2022; see Figure 1).  The licensing percentage for patented technologies 

created at federal laboratories is about the same as that for universities (National 

Institute of Standards and Technology, 2022; see Figure 2).  However, it must be noted 

that the data are not based on a one-to-one match of technology disclosures with 

technology licenses and options.  Technologies licensed and optioned in a given year 

are likely to have been disclosed in prior years. 
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Figure 1. University Technology Transfer, 2013-2017 

Note.  Figure created by author. 

Assumes an average of 1 unique technology per three (3) non-exclusive licenses. 

Data source: Hockstad et al. (2017) 

 

 
Figure 2. Federal Laboratory Technology Transfer, 2015-2019 

Note.  Figure created by author. 

Data source: National Institute of Standards and Technology (2022) 
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Research suggests that technology maturity level is an important factor that influences 

the incidence of technology transfer (see Munteanu, 2012; Townes, 2022, 2024a).  

University administrators and federal policymakers have either taken or considered 

actions related to technology maturity level to increase the incidence of technology 

transfer.  Several universities have launched what are typically referred to as “gap 

funds” to de-risk and mature technologies to attract industry commercialization 

partners (Munari et al., 2016; Price & Sobocinski, 2002).  The U.S. Congress has also 

considered intervention to increase the incidence of technology transfer.  In the 117th 

Congress, Senate bill S.1260 (U.S. Congress, 2021a) and House bill H.R.2225 (U.S. 

Congress, 2021b) were introduced.  If the legislation had been enacted it would have 

authorized funding for universities to enable technology maturation. 

The gap fund programs of U.S. universities and proposed public policy initiatives such 

as S.1260 and H.R.2225 underscore a measurement issue.  How does one measure the 

maturity of a technology at the meso- and micro-level in a practical and useful way?  

Various approaches for measuring technology maturity have been proposed in the 

literature (see e.g., Kyriakidou et al., 2013; Lezama-Nicolás et al., 2018; Mankins, 1995, 

2009a, 2009b; Zorrilla et al., 2022).  However, most of these approaches are intended 

for very specific contexts.  Others are too complex and cumbersome to be of practical 

use to technology transfer practitioners in universities.  Moreover, none of these 

instruments, except for a few, have been validated in any meaningful way. 

Perhaps the most well-known instrument used to characterize the maturity level of a 

technology is the technology readiness level (TRL) scale developed by the National 

Aeronautics and Space Administration (NASA) in the United States of America.  Some 

university technology transfer offices have begun applying this scale in various manners 

as part of their processes for vetting technologies and making portfolio decisions.  

However, many university technology transfer professionals have encountered 

challenges using the NASA TRL scale (see e.g., Li et al., 2023; Townes, 2024b).  These 

challenges not only make it difficult for university technology transfer practitioners to 

effectively employ the scale as a tool for managing technology portfolios and 

facilitating the conveyance of technologies created at universities to the private sector, 

but they also make it nearly impossible to confidently generalize research findings or 

perform meta-analyses on studies of technology maturity level and its influence on 

technology transfer (see e.g., Olechowski et al., 2020; Schwartz, 2023; Townes, 2024b). 

It is not surprising that technology transfer practitioners operating in certain contexts 

encounter difficulties when applying the NASA TRL scale.  The scale is essentially a 

typology framework.  Putting typologies into practice can be challenging (see Collier et 

al., 2012).  Also, as an agency of the federal government, NASA developed the TRL scale 

in the context of public sector applications.  The public sector is not motivated by 

economic profit in the same way as the private sector.  Moreover, technology 

development projects at universities and in the private sector are also likely to comprise 

a much broader range of types and kinds of technologies than those in any given 

federal agency in the public sector.  Finally, there is no indication that anyone has ever 
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established the validity and reliability of the NASA TRL scale.  Consequently, developing 

and validating a generalized TRL scale would constitute a significant contribution to the 

literature and could prove very useful in facilitating and advancing technology transfer 

research, policy, and practice. 

Instruments and special apparatus capable of accurately and reliably measuring 

phenomena are essential for scientific advancement (see Kuhn, 2012).  Also, 

practitioners and policy makers cannot effectively determine whether or to what degree 

gap fund mechanisms and other interventions focused on maturing technologies affect 

the incidence of technology transfer without a valid and reliable measurement 

instrument.  The NASA TRL scale as it is currently formulated is not particularly well-

suited to fulfill this role. 

The aim of this paper is to present research that contributes to the knowledge base 

relevant to the assessment and evaluation of research and technology, particularly in 

academic settings.  This includes key insights about methodologies and methods to 

properly validate instruments for measuring the maturity of technologies.  The study 

presented in this paper examined three issues.  First, how can the NASA TRL scale be 

adapted to better suit the needs of technology transfer professionals in a wider range 

of contexts, particularly university technology transfer practitioners?  Second, how 

applicable to validating such an instrument based on “readiness levels” are the typical 

methods for assessing the validity of measurement instruments?  Finally, how should 

large scale studies be structured to better ensure the proper validation of technology 

maturity measurement instruments that are based on “readiness levels” and intended 

for use at universities and in other contexts? 

REVIEW OF THE RELATED LITERATURE 

The literature relevant to the topic of assessing technology maturity level is very limited.  

The construct of technology maturity level itself is difficult to define.  Most of the 

reviewed literature about technology maturity level fails to explicitly define the 

construct (see e.g., Albert, 2016; Bhattacharya et al., 2022; Chukhray et al., 2019; Juan et 

al., 2010; Mankins, 1995, 2009a; Munteanu, 2012).  Nolte (2008) resorted to analogies 

and scenarios to try to explain technology maturity level but never provided an exact 

definition.  Based on what is discussed in the literature, it seems reasonable to broadly 

define technology maturity level as the degree to which a technology is ready for use 

as intended. 

The NASA TRL scale is probably among the earliest attempts to operationalize 

technology maturity level and is one of several approaches found in the literature.  The 

need for explicitly defined descriptions of various steps of progression for 

demonstrating flight readiness became apparent as satisfying the technical needs of 

NASA programs progressed beyond exploiting existing technology assets by adapting 

and requalifying them to pursuing new technologies (see Sadin et al., 1989).  Stanley 

Sadin, a NASA researcher, is credited with conceiving and formulating the first 7-level 

TRL scale in 1974 to address this issue (Banke, 2010).  In 1995, John Mankins, another 
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NASA researcher and program manager, extended and further refined the TRL scale to 

its current 9-level incarnation (Mankins, 2009b).  Since then, other scholars and 

practitioners have proposed alternative readiness level scales to assess the maturity of 

technologies in various contexts or have adapted the concept of readiness levels to 

other domains (see Table 1).  In fact, so many alternatives and variants of readiness level 

scales have been offered, introduced, or adapted for various settings that “readiness 

level proliferation” has become a problem in the public sector (Nolte & Kruse, 2011).  

However, few, if any, of these scales appear to have been validated in any scientifically 

meaningful way. 

Table 1. Readiness Level Scales 

Accreditation Readiness Levels* Learning Readiness Levels 

Bilingualism Test Readiness Levels Logistics Readiness Levels* 

Business Readiness Levels Love Readiness Levels 

Change Readiness Levels Manufacturing Readiness Levels* 

Community Readiness Levels Material Operational Readiness Levels 

Condition of Readiness Levels Operational Readiness Levels 

Continuity Readiness Levels Partner Readiness Levels 

Countermeasures Readiness Levels* People’s “Task” Readiness Levels 

Defense Readiness Levels Performance Readiness Levels 

Defense Readiness Condition (DEFCON) Levels Physical Readiness Levels 

Demand Readiness Levels* Primary Mental Abilities Readiness Levels 

Direct Manufacturing Readiness Levels* Problem Solving Readiness Levels 

Disaster Readiness Levels Programmatic Readiness Levels 

Earthquake Readiness Levels Reading Readiness Levels 

Engineering & Manufacturing Readiness Levels* Reuse Readiness Levels* 

Entrepreneurship Readiness Levels Risk Readiness Levels* 

E-Procurement Readiness Levels Security Readiness Levels 

Extreme Heat Readiness Levels Software Readiness Levels* 

Fire Readiness Levels Strategic Readiness Levels 

Follower Readiness Levels Supportability Readiness Levels* 

Football Readiness Levels Survival Readiness Levels 

Fuel Readiness Levels Sustainment Readiness Levels* 

Funding Readiness Levels* System Readiness Levels* 

Human Effects Readiness Levels Tactical Readiness Levels 

Human Readiness Levels* Technical Readiness Levels* 

Innovation Readiness Levels* Technology Readiness Levels* 

Integration Readiness Levels* TQM Readiness Levels 

Internet Marketing Readiness Levels Tropical Storm Readiness Levels 

Investment Readiness Levels University Tech. Transfer Readiness Levels* 

Investor Readiness Levels Venture Readiness Levels 

Note. Table created by author. 

Data sources: Fellnhofer (2015); Nolte and Kruse (2011, October 26); Westerik (2014) 

* indicates scale is relevant to technology maturity 
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Use of the NASA TRL scale as a measure of the maturity of a technology seems to have 

gained traction in the fields of research management and technology transfer, 

particularly within U.S. universities.  This is probably because of its adoption by certain 

departments and agencies of the U.S. government that fund a significant amount of 

research conducted at U.S. universities.  In 2001, after the General Accounting Office 

(GAO) recommended that the U.S. Department of Defense (DoD) make use of the scale 

in its programs, the Deputy Under Secretary of Science and Technology issued a 

memorandum endorsing the use of the TRL scale in new DoD programs.  Guidance for 

using the scale to assess the maturity of technologies was incorporated into the 

Defense Acquisition Guidebook and detailed in the 2003 DoD Technology Readiness 

Assessment Deskbook (Deputy Under Secretary of Defense for Science and 

Technology, 2003; Nolte & Kruse, 2011, October 26; Nolte, 2008).  In the mid-2000s, the 

European Space Agency (ESA) adopted a TRL scale that closely followed the NASA TRL 

scale (European Association of Research and Technology Organizations, 2014).  The 

NASA TRL scale has apparently become the de facto standard for measurement 

instruments to assess the maturity of technologies across a variety of industries 

(Olechowski et al., 2015). 

But just because an instrument has become widely adopted does not mean it is optimal 

for the task or meets the needs of all users in all contexts.  The NASA TRL scale is not 

without its shortcomings.  Many, if not most, U.S. university technology transfer offices 

have not formally incorporated the scale into their technology evaluation processes 

because it is highly subjective, which makes it susceptible to idiosyncratic variation, and 

does not completely suit their needs (Li et al., 2023; Townes, 2024b).  Olechowski et al. 

(2020) investigated the challenges associated with using the NASA TRL scale in practice.  

They found that the difficulties encountered by practitioners were related to either 

system complexity, planning and review, or assessment validity.  The issue of 

assessment validity suggests that the NASA TRL scale, as constituted, may be 

susceptible to idiosyncratic variation, which poses a potential impediment to advancing 

technology transfer theory and practice. 

All of this suggests that there is a significant knowledge gap regarding the 

measurement and application of technology maturity in technology transfer research, 

policy, and practice.  To address this gap, an effort was undertaken to develop a 

generalized technology readiness level (GTRL) scale that would be practical and 

consistent across a wide array of settings and contexts, particularly in the field of 

university technology transfer.  Additionally, a pilot study of the GTRL’s validity and 

reliability was conducted to identify and gain insights into the challenges that are likely 

to be encountered with validating the GTRL scale and other instruments for measuring 

technology maturity that are based on “readiness levels”. 

Pilot studies are an important and valuable step in the process of empirical analysis, but 

their purpose is often misunderstood (National Institutes of Health, 2023, June 7; Van 

Teijlingen & Hundley, 2010).  The goal of a pilot study is to ascertain the feasibility of a 

methodology being considered or proposed for a larger scale study; it is not intended 
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to test the hypotheses that will be evaluated in the larger scale study (Leon et al., 2011; 

Van Teijlingen & Hundley, 2010).  Unfortunately, pilot studies are often not reported 

because of publication bias that leads publishers to favor primary research over 

manuscripts on research methods, theory, and secondary analysis even though it is 

important to share lessons learned with respect to research methods to avoid 

duplication of effort by researchers (Van Teijlingen & Hundley, 2010). 

Table 2 summarizes the study structure.  The goal of this study was to fill the 

knowledge gap regarding the measurement of a technology’s degree of maturity by 

exploring the following two hypotheses: 

 

H1: The NASA technology readiness level scale can be modified and generalized 

in a way that increases its practicality and minimizes idiosyncratic variation 

both within and across contexts. 

 

H2: The standard approaches for validating measurement instruments can be 

applied to validate instruments for measuring the construct of technology 

maturity that are structured as readiness levels.
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Table 2. Summary of Study Structure 

Research Questions Hypotheses Considerations 

1. How can the NASA TRL scale be adapted to 

better suit the needs of technology transfer 

professionals in a wider range of contexts, 

particularly university technology transfer 

practitioners?   

2. How applicable are the typical methods for 

assessing the validity of measurement 

instruments to validating such an instrument 

based on “readiness levels”?   

3. How should large scale studies be structured 

to better ensure the proper validation of 

technology maturity measurement 

instruments that are based on “readiness 

levels” and intended for use at universities 

and in other contexts? 

H1: The NASA technology readiness level scale 

can be modified and generalized in a way 

that increases its practicality and minimizes 

idiosyncratic variation both within and across 

contexts.   

H2: The standard approaches for validating 

measurement instruments can be applied to 

validate instruments for measuring the 

construct of technology maturity that are 

structured as readiness levels. 

1. What challenges are likely to be encountered 

in a larger study to assess the validity and 

reliability of the GTRL scale and other such 

instruments?  

2. Can the methods for assessing content 

validity be applied to the GTRL scale?  

3. Should participants in a larger validation study 

of the reliability of the GTRL scale be limited 

to university and federal laboratory 

technology transfer professionals?  

4. How difficult will it be to recruit study 

participants?  

5. How should a larger study familiarize 

participants with the GTRL scale?  

6. What factors should be controlled in a larger 

validity and reliability study?  

7. How viable are asynchronous web-based 

methods for administering a validity and 

reliability study?  

8. How viable is the approach of presenting 

marketing summaries of technologies to 

participants for them to rate?   

9. How burdensome will it be for study 

participants to rate several technologies in 

multiple rounds? 

10. What modifications, if any, to the GTRL scale 

should be considered before performing a 

larger validity and reliability study? 

Note. Table created by author. 
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To examine these hypotheses, an effort was made to develop a generalized technology 

readiness level (GTRL) scale and investigate the following considerations about the 

proposed GTRL scale: 

1. What challenges are likely to be encountered in a larger study to assess the 

validity and reliability of the GTRL scale and other such instruments? 

2. Can the methods for assessing content validity be applied to the GTRL scale? 

3. Should participants in a larger validation study of the reliability of the GTRL scale 

be limited to university and federal laboratory technology transfer professionals? 

4. How difficult will it be to recruit study participants? 

5. How should a larger study familiarize participants with the GTRL scale? 

6. What factors should be controlled in a larger validity and reliability study? 

7. How viable are asynchronous web-based methods for administering a validity 

and reliability study? 

8. How viable is the approach of presenting marketing summaries of technologies 

to participants for them to rate? 

9. How burdensome will it be for study participants to rate several technologies in 

multiple rounds? 

10. What modifications, if any, to the GTRL scale should be considered before 

performing a larger validity and reliability study? 

DATA AND METHODS 

This section describes the development of the generalized technology readiness level 

GTRL scale and the design and implementation of a pilot validity and reliability study. 

DEVELOPMENT OF THE GENERALIZED TRL SCALE 

The NASA TRL scale was used as the starting point of reference for developing the GTRL 

scale because of its familiarity among technology transfer practitioners and the simplicity 

of its application.  The NASA TRL scale is an ordinal scale.  Its application as an instrument 

for measuring technology maturity essentially treats technology maturity as a 

unidimensional construct. 

The content of various documents that discuss the NASA TRL scale and its application in 

other government agencies were reviewed to evaluate the comprehensiveness of the 

dimension indicators.  Defining the indicators and sub-indicators of each readiness level 

was an iterative process.  The objective of this step was to understand what should be 

included and excluded in the concept of each indicator.  This was done by searching for 

higher order concepts (HOCs) and common themes that were adequate for characterizing 
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each indicator regardless of the context.  Generalized definitions in terms of these HOCs 

and common themes for each indicator of readiness were specified on the 10-level ordinal 

scale (see Table 3).  Examples for each of three major contexts (medical drugs, medical 

devices, and non-medical applications) were then developed to provide additional 

guidance about the meaning of each indicator (i.e., scale level) and how it should be 

applied. 

Once the indicators and context examples were defined, the focus shifted to the content 

and physical layout of the GTRL scale (see Figure 3).  The layout of the original NASA TRL 

scale and its layout in various technology readiness assessment (TRA) deskbooks and 

guides were examined to identify potential issues.  The objective in designing the layout of 

the GTRL scale was to present it in a manner that was easy to follow and intuitive to 

minimize the cognitive burden on the user and the possibility of user error. 

With the format, layout, and content of the GTRL scale defined, attention turned to its 

validation.  There are several types of validity that are used to establish the accuracy and 

reliability of an instrument for measuring a construct.  Some are more relevant than others 

depending on the situation and context.  A review of the related literature suggests that 

assessing face validity of the GTRL scale is unnecessary.  There appears to be consensus 

among validity theorists that so-called face validity does not constitute scientific 

epistemological evidence of the accuracy of an instrument or its indicators (Royal, 2016). 

ASSESSING CONTENT VALIDITY 

Content validity is an indication of whether the construct elements (i.e., dimensions) and 

element items (i.e., indicators) of a measurement instrument are sufficiently comprehensive 

and representative of the operational definition of the construct it purports to measure 

(see Almanasreh et al., 2019; Bland & Altman, 2002; Yaghmaie, 2003).  Content validity is 

considered a prerequisite for other types of validity (Almanasreh et al., 2019; Yaghmaie, 

2003).  For the GTRL scale, “technology readiness” is the only construct element.  Each 

readiness level (i.e., TRL) is an indicator of the degree of “technology readiness” on the 

scale. 

There is no universally agreed upon approach or statistical method for examining content 

validity (Almanasreh et al., 2019).  The content validity index (CVI), proposed by Lawshe 

(1975), was chosen as the statistic for examining the content validity of the GTRL scale 

because it is a widely used approach.  Although there is the possibility that the CVI may 

overestimate content validity due to chance, it has the advantage of being simple to 

calculate as well as easy to understand and interpret. 

Some modifications were made to the CVI method.  For purposes of evaluating the 

indicators, “relevance” was replaced with the concept of “usefulness” because theoretically 
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Table 3. Readiness level definitions for the Generalized Technology Readiness Level Scale 

Tech. Readiness Level Generalized Definition 

TRL-0 A perceived need or possible desired outcomes has been broadly described and a 

possible approach to satisfying the need or achieving the desired outcomes is 

conceived. 

TRL-1 How one or more phenomena might be applied to achieve a specified end is 

broadly described but it is not entirely clear that the approach will work.  Basic 

principles are identified.  Efforts are started to translate basic principles into a 

technology solution to satisfy the need and achieve the desired outcomes.  

TRL-2 The technology has been formulated in some detail and there is prima facie 

evidence to suggest that it might work.  However, the proposed technology is still 

speculative.  There is not yet sufficient experimental proof or detailed analysis to 

support the conjecture that there is a better than random chance that the 

proposed technology will work. 

TRL-3 Theoretical analyses or small-scale experiments on key aspects of the solution 

approach have been conducted to provide insight into whether the technology 

might work, and results are promising.  Analytical studies setting the technology 

into an appropriate context and laboratory-based studies to demonstrate that the 

analytical predictions regarding the technology are correct have been done.  

These studies and experiments constitute “proof-of-concept” validation of the 

proposed technology solution.  

TRL-4 A low fidelity prototype or demonstration of the technology comprising the main 

components has been sufficiently tested in a laboratory environment with 

promising results, but the prototype contains imperfections that are unwanted or 

unacceptable in a final technology solution.  The basic technological elements are 

integrated to establish that the “pieces” will work together to achieve concept-

enabling levels of performance.   

TRL-5 A sub-scale research prototype of the solution comprising the key features, basic 

form, and desired functionality of the envisioned technology has been sufficiently 

tested in a simulated environment, and results are promising.   

TRL-6 A high-fidelity full-scale research prototype close to the final form and 

functionality of the envisioned technology has been sufficiently tested in a 

relevant environment under stringent controls and results are promising. 

TRL-7 A high-fidelity pre-production prototype with the complete form and functionality 

of the envisioned technology has been sufficiently tested in an intended 

environment under necessary controls and the results are promising. 

TRL-8 A production unit with the complete form and function of the envisioned 

technology has been sufficiently tested in an intended environment and results 

are promising. 

TRL-9 The technology is ready to be implemented in an intended environment or 

introduced to the market. 

Note. Table created by author
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Figure 3. Illustration of the initial layout of the Generalized Technology Readiness Level Scale 

Note. Figure created by author. 
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an indicator can be relevant to a construct without necessarily being useful in a practical 

sense for measuring the concept.  For evaluating the context examples for each indicator, 

“relevance” was replaced with the concept of “helpfulness” for much the same reason 

because an example can be relevant without being helpful to understanding how to 

interpret and apply an indicator.  Moreover, the term “helpful” better reflects the intended 

function of the examples. 

Two (2) individuals with experience in university technology transfer were recruited to 

serve as experts to assess the content validity of the GTRL scale.  Each expert had more 

than 15 years of experience in university technology transfer and served as director of a 

university technology transfer office.  No compensation was offered for participating in the 

study.  An email that contained a copy of the GTRL scale and a link to an online 

questionnaire (created on the Qualtrics platform) was sent to the experts to collect the 

content validation data (see Supplementary Resource 1).  The email instructed them to 

familiarize themselves with the GTRL scale before completing the questionnaire.  The 

experts did not have to complete the questionnaire in one session.  They could save their 

answers and return to complete the questionnaire later.  However, if they did not continue 

or complete the questionnaire within two (2) weeks after the last time they worked on it, 

whatever answers they provided up to that point were recorded. 

The overall process for assessing the content validity of the GTRL scale consisted of having 

an expert first rate the clarity of each indicator (i.e., readiness level) definition beginning 

with the lowest indicator followed by the next sequential indicator until the expert had 

rated every readiness level definition.  Then the expert rated the clarity of each context 

example for each readiness level, beginning with the lowest followed by the next 

sequential readiness level until the expert rated all context examples for every readiness 

level.  After rating clarity, the experts then rated the helpfulness of each context example 

as an aid to understanding how to assess whether a technology satisfied the requirements 

for a given readiness level beginning with the lowest followed by the next sequential 

readiness level until the expert had rated all context examples for every readiness level.  

The experts then rated the usefulness of each readiness level as a measure of the maturity 

of a technology, beginning with the lowest followed by the next sequential readiness level 

until the expert had rated every readiness level.  Finally, the experts rated the usefulness of 

the concept of “technology readiness” as a measure of technology maturity. 

This sequencing was adopted so that the experts would not have to keep changing their 

focus from one concept or feature to another.  There was a concern that such focus 

shifting would affect how consistently the experts rated the scale features.  Assessment of 

the element itself was done last because there was a concern that an expert’s response to 

this question would act to unduly prime the expert’s ratings of all other features of the 

scale. 
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The specifics of the content validity assessment began by showing the expert a matrix 

table with the definitions of the readiness levels listed in sequential order from lowest to 

highest and asking the expert to rate the clarity of the definition of each on the following 

Likert scale: 

1 – not clear at all 

2 – needs some clarification 

3 – clearly understood 

Next, the questionnaire presented the expert with a matrix table consisting of examples for 

each context for the lowest readiness level and instructed the expert to rate the clarity of 

each context example on the same Likert scale shown above.  This process was repeated 

for each readiness level in sequential order until the experts had rated all context examples 

for all readiness levels. 

After rating the clarity of each readiness level and its contexts example, the experts rated 

the helpfulness of each context example for each readiness level.  Beginning with the 

lowest readiness level, the questionnaire presented the experts with a matrix table 

comprising examples for each context and asked them to rate the helpfulness of each on 

the following Likert scale: 

1 – not helpful at all 

2 – marginally helpful 

3 – helpful 

This process was repeated for each readiness level in sequential order until the experts had 

rated the context examples of every readiness level.  The experts then rated the usefulness 

of each readiness level, as defined, as a measure of technology readiness.  The 

questionnaire presented the experts with a matrix table that showed the definitions of each 

readiness level listed in sequential order from lowest to highest and asked them to rate the 

usefulness of each readiness level on the following Likert scale: 

1 – not useful at all 

2 – marginally useful  

3 – useful 

Once the experts had rated the clarity and usefulness of each readiness level and the 

clarity and helpfulness of each context example for each readiness level, the questionnaire 

asked them to rate the usefulness of the concept of “technology readiness” as a measure 

of technology maturity level using the same Likert scale used for rating the usefulness of 

the readiness levels above. 
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ASSESSING INTER-RATER AND INTRA-RATER RELIABILITY 

The method for determining the inter-rater and intra-rater reliability of the GTRL scale 

relied on both professional and lay experts rating several technology summaries.  Ten 

technologies at various stages of development were selected from public sources.  Using 

this information, a 1-to-2-page summary was created for each technology similar in style 

to technology summaries posted by many university technology transfer offices (see 

Supplementary Resource 2).  To ensure that a variety of maturity levels were represented, 

the information was modified in some cases to describe the technology as having achieved 

a greater or lesser degree of maturity.  A questionnaire was then created using Qualtrics to 

present the technology summaries and collect responses from raters (see Supplementary 

Resource 3). 

A combination of non-probabilistic purposive sampling and non-probabilistic convenience 

was used to recruit respondents.  Potential respondents who were likely to be familiar with 

evaluating technology and readily accessible were selected.  These sampling approaches 

are considered suitable for preliminary research (see Etikan et al., 2016; Jager et al., 2017; 

Sedgwick, 2013).   Respondents were solicited via an email recruitment message sent using 

the Qualtrics platform to a total of 22 additional individuals who had experience assessing 

the maturity of technologies.  No compensation was offered to them for participating in 

the study.  The recruitment message informed the prospective raters that they would be 

rating 10 technologies and that at least two (2) weeks later they would be asked to rate the 

same 10 technologies again without referring to their previous ratings.  A reminder 

message was sent five (5) calendar days after the original recruitment email message. 

The prospective respondents were given 14 calendar days from the date of the initial 

recruitment email message to complete the questionnaire at which time the survey closed.  

Roughly 14 calendar days after the first survey closed, an email recruitment message for 

the second survey was sent via the Qualtrics platform to those individuals who responded 

to the first survey.  A reminder message was sent seven (7) calendar days after the first 

follow up recruitment email message.  The second questionnaire was essentially structured 

the same as the first questionnaire except that the respondents were allowed to skip the 

overview of the GTRL scale if they chose to do so (see Supplementary Resource 4). 

Once the data were collected, the CVratio function in the psychometric package (Fletcher, 

2023) of the open-source programming language R (The R Foundation, 2023) in the 

RStudio developer environment (Allair, 2019) was used to calculate the content validity 

ratios (CVRs) for each technology readiness level and context example (see Supplementary 

Resource 5).  The ICC function for intraclass correlation coefficients (ICC) in the psych 

package (Revelle, 2024) as well as the icc and kripp.alpha functions in the irr package 

(Gamer et al., 2019) were used to calculate the inter-rater and intra-rater reliability of using 

the GTRL scale (see Supplementary Resource 5). 
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RESULTS 

This section briefly presents the results of piloting the data collection methodology 

described above as well as the proposed methods for analyzing data collected in a larger 

study to assess the validity and reliability of the GTRL scale. 

SCALE FORMAT 

Based on the content review, “Level 0” was added as an additional indicator to capture the 

stage of ideation resulting in a 10-ordinal level scale (GTRL-10 scale).  This affords the scale 

a ratio level of measurement quality that is likely to be useful for its application in research.  

The GTRL was formatted with a multi-page layout that could be printed on standard letter 

size paper in landscape orientation (see Supplementary Resource 6). 

CONTENT VALIDITY 

Each expert rated the scale level definitions and context examples of the GTRL scale (see 

Table 4).  The scale level content validity index (CVI) was calculated as 0.8 using the CVRs 

for the usefulness of the technology readiness level definitions (see Table 5). 

INTER-RATER AND INTRA-RATER RELIABILITY 

Of the 22 other individuals invited to participate in the pilot study, only five (5) individuals 

rated one (1) or more technologies.  Four (4) of those individuals rated all 10 technologies, 

and one (1) person only rated four (4) of the technologies.  Of the five (5) individuals who 

rated one (1) or more technologies, four (4) of them rated all 10 technologies a second 

time. 

The data were downloaded into Microsoft Excel spreadsheets, organized, and cleaned (see 

Table 6).  The ICC and Krippendorff’s Alpha were calculated for the inter-rater and intra-

rater reliability of using the GTRL scale were calculated (see Table 7, Table 8, Table 9, and 

Table 10).  For the ICC calculations, the two-way mixed-effects model was selected because 

each technology was rated by the same set of raters.  However, the raters were not 

randomly selected from a larger population of raters with similar characteristics.  The single  
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Table 4. Expert Ratings of Scale Level Definitions and Context Examples 

 Clarity  Useful/Helpful   Clarity  Useful/Helpful 

Expert 1 Expert 2  Expert 1 Expert 2  Expert 1 Expert 2  Expert 1 Expert 2 

TRL-0       TRL-5      

Definition 2 3  2 3  Definition 2 3  2 3 

Med. Drugs 2 3  3 3  Med. Drugs 3 3  3 3 

Med. 

Devices 

3 3  3 3  Med. Devices 3 3  2 3 

Non-Medical 3 2  3 3  Non-Medical 3 3  3 3 

             
TRL-1       TRL-6      

Definition 3 3  3 3  Definition 3 3  3 3 

Med. Drugs 3 2  3 2  Med. Drugs 2 3  3 3 

Med. 

Devices 

2 3  3 3  Med. Devices 3 3  3 3 

Non-Medical 3 3  3 3  Non-Medical 3 2  3 2 

             
TRL-2       TRL-7      

Definition 3 2  3 3  Definition 3 3  3 3 

Med. Drugs 3 3  3 3  Med. Drugs 3 3  3 3 

Med. 

Devices 

3 3  3 3  Med. Devices 2 2  3 2 

Non-Medical 2 3  3 3  Non-Medical 3 3  3 3 

             
TRL-3       TRL-8      

Definition 3 3  3 3  Definition 3 3  3 3 

Med. Drugs 3 2  3 2  Med. Drugs 3 3  3 3 

Med. 

Devices 

3 3  3 3  Med. Devices 2 2  2 2 

Non-Medical 3 3  3 3  Non-Medical 3 3  3 3 

             
TRL-4       TRL-9      

Definition 3 3  3 3  Definition 3 3  3 3 

Med. Drugs 3 3  3 2  Med. Drugs 3 3  3 3 

Med. 

Devices 

3 3  3 3  Med. Devices 3 3  3 3 

Non-Medical 2 3  3 3  Non-Medical 3 3  3 3 

Note.   Table created by author. 

1 – not clear, useful, or helpful     2 – marginally clear, useful, or helpful     3 – clear, useful, or helpful 
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Table 5. Item Content Validity Ratios 

 Clarity Helpful/Useful   Clarity Helpful/Useful 

TRL-0    TRL-5   

Definition 0.0 0.0  Definition 0.0 0.0 

Med. Drugs 0.0 1.0  Med. Drugs 0.0 1.0 

Med. Devices 1.0 1.0  Med. Devices 1.0 0.0 

Non-Medical 0.0 1.0  Non-Medical 1.0 1.0 

       

TRL-1    TRL-6   

Definition 1.0 1.0  Definition 1.0 1.0 

Med. Drugs 0.0 0.0  Med. Drugs 0.0 1.0 

Med. Devices 0.0 1.0  Med. Devices 1.0 1.0 

Non-Medical 1.0 1.0  Non-Medical 0.0 0.0 

       

TRL-2    TRL-7   

Definition 0.0 1.0  Definition 1.0 1.0 

Med. Drugs 1.0 1.0  Med. Drugs 1.0 1.0 

Med. Devices 1.0 1.0  Med. Devices -1.0 0.0 

Non-Medical 0.0 1.0  Non-Medical 1.0 1.0 

       

TRL-3    TRL-8   

Definition 1.0 1.0  Definition 1.0 1.0 

Med. Drugs 0.0 0.0  Med. Drugs 1.0 1.0 

Med. Devices 0.0 1.0  Med. Devices -1.0 -1.0 

Non-Medical 1.0 1.0  Non-Medical 1.0 1.0 

       

TRL-4    TRL-9   

Definition 1.0 1.0  Definition 1.0 1.0 

Med. Drugs 1.0 0.0  Med. Drugs 1.0 1.0 

Med. Devices 1.0 1.0  Med. Devices 1.0 1.0 

Non-Medical 0.0 1.0  Non-Medical 1.0 1.0 

Note.  Table created by author. 

 

rater type was selected because the GTRL scale is intended to use the measurement from a 

single rater as the basis of assessment.  Finally, the absolute agreement definition was 

chosen because the analysis focused on whether different raters assign the same score to 
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the same subject.  Additionally, the two-way mixed-effects single rater consistency ICC 

model was also included because it is identical to a weighted Cohen’s kappa coefficient 

with quadratic weights for ordinal scales, which takes into consideration the magnitude of 

disagreement between raters (see Hallgren, 2012). 

Table 6. Rater Responses 

Technology Round 1 GTRL Ratings  Round 2 GTRL Ratings 

Rater 1 Rater 2 Rater 3 Rater 4 Rater 5  Rater 1 Rater 2 Rater 3 Rater 4 Rater 5 

Tech 01 5 5 9 3 2  4 4 4 2 NR 

Tech 02 9 6 3 6 4  8 6 3 3 NR 

Tech 03 5 8 3 2 3  4 7 8 4 NR 

Tech 04 4 3 4 9 3  4 4 1 6 NR 

Tech 05 6 7 5 5 NR  6 8 6 7 NR 

Tech 06 3 5 8 1 NR  3 3 3 1 NR 

Tech 07 6 3 3 5 NR  5 6 6 5 NR 

Tech 08 5 8 4 7 NR  6 8 2 7 NR 

Tech 09 4 5 6 9 NR  3 5 5 9 NR 

Tech 10 4 4 1 6 NR  4 4 3 6 NR 

Note. Table created by author. NR indicates no response. 

 

Table 7. Intraclass Correlation Coefficient for Inter-Rater Reliability Assessment 

R package ICC F df1 df2 p Lower Upper 

Round 1 (5 Raters; 4 Cases) 

irr 1 -0.173 0.262 3 12 0.851 -0.232 0.356 

irr 2 -0.2 0.262 3 4.62 0.85 -0.28 0.398 

psych 0.0000 1.000 9 36 0.4577 -0.1360 0.3355 

Round 1 (4 Raters; 10 Cases) 

irr 1 -0.132 0.535 9 27 0.836 -0.249 0.187 

irr 2 -0.137 0.535 9 23.3 0.834 -0.262 0.195 

psych 0.0000 1.000 9 27 0.4635 -0.1833 0.3925 

Round 2 (4 Raters; 10 Cases) 

irr 1 0.209 2.06 9 27 0.0712 -0.058 0.615 

irr 2 0.208 2.060 9 29.3 0.0678 -0.053 0.612 

psych 0.2093 2.059 9 27 0.0712 -0.0575 0.6146 

Note. Table created by author. 

 * p ≤ 0.05   ** p ≤ 0.01   *** p ≤ 0.001 
 1 Consistency model 2 Agreement model 
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Table 8. Krippendorff’s Alpha Reliability Coefficient for Inter-Rater Reliability Data 

 Round 1 Round 2 

Statistic Value -0.0538 0.2075 

Number of Raters 5 4 

Number of Cases 10 10 

Number of Matches 44 120 

Note. Table created by author. 

 

Table 9. Intraclass Correlation Coefficient for Intra-Rater Reliability Assessment 

R 

package 
ICC F df1 df2 P Lower Upper 

irr 1 0.551 3.45 39 39 0.0001*** 0.292 0.734 

irr 2 0.557 3.450 39 39 0.0001*** 0.297 0.739 

psych 0.5593 3.5385 39 39 0.0001*** 0.3035 0.7399 

Note. Table created by author. 

 * p ≤ 0.05   ** p ≤ 0.01   *** p ≤ 0.001 
 1 Consistency model 2 Agreement model 

 

Table 10. Krippendorff’s Alpha Reliability Coefficient for Intra-Rater Reliability Data 

Statistic Value 0.531 

Number of Raters 2 

Number of Cases 40 

Number of Matches 80 

Note. Table created by author. 

 

DISCUSSION 

The previous section presented the results of the GTRL scale development and pilot study 

without comment.  This section aims to interpret the results presented in the previous 

section and answer the questions posed.  Table 11 summarizes the results of the study. 
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Table 11. Summary of Study Results 

Research Question Findings 

1. How can the NASA TRL scale be adapted to 

better suit the needs of technology transfer 

professionals in a wider range of contexts, 

particularly university technology transfer 

practitioners? 

• Including more specificity in the definitions. 

• Providing examples of the application of each level. 

2. How applicable are the typical methods for 

assessing the validity of measurement 

instruments to validating such an instrument 

based on “readiness levels”?   

• The typical validation methods are quite applicable.  

• Some minor adjustments may be necessary to 

facilitate the application of such methods. 

3. How should large scale studies be structured to 

better ensure the proper validation of 

technology maturity measurement instruments 

that are based on “readiness levels” and 

intended for use at universities and in other 

contexts? 

• Recruit participants that are somewhat 

homogeneous along certain dimensions such as 

setting or experience assessing technologies.   

• Participants in such studies will likely require more 

than just casual familiarization with the scale.   

• Recruit between 10 and 30 participants.   

• Email solicitation alone will probably not be 

sufficient. 

  
Hypotheses Conclusion 

H1: The NASA technology readiness level scale 

can be modified and generalized in a way that 

increases its practicality and minimizes 

idiosyncratic variation both within and across 

contexts. 

Results support hypothesis. 

H2: The standard approaches for validating 

measurement instruments can be applied to 

validate instruments for measuring the 

construct of technology maturity that are 

structured as readiness levels. 

Results support hypothesis with epistemological 

caveats. 

Note. Table created by author. 
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Table 11 (Continued). Summary of Study Results 

Considerations Investigated Outcomes 

1. What challenges are likely to be encountered in a 

larger study to assess the validity and reliability of 

the GTRL scale and other such instruments? 

• “Technology readiness” not explicitly defined in 

literature 

• There is no absolute unit of “readiness” 

• Concept of “readiness” must be operationalized 

using context-specific proxies 

• Participant recruitment is likely to be difficult 

• CVI method is not as definitive as suggested in the 

literature 

2. Can the methods for assessing content validity be 

applied to the GTRL scale? 

• Yes, they can be applied with minimal modifications 

3. Should participants in a larger validation study of 

the reliability of the GTRL scale be limited to 

university and federal laboratory technology 

transfer professionals? 

• No need to limit participants to university and 

federal laboratory technology transfer practitioners 

• Homogenous cohorts will likely increase data 

quality and improve internal consistency 

4. How difficult will it be to recruit study 

participants? 

• Likely to be a significant challenge 

5. How should a larger study familiarize participants 

with the GTRL scale? 

• More in-depth instruction may be required 

• Instruction specifics may need to vary by cohort 

type 

6. What factors should be controlled in a larger 

validity and reliability study? 

• Experience assessing technology maturity 

• Category of technology 

• Prestige of the organization offering the technology 

7. How viable are asynchronous web-based 

methods for administering a validity and reliability 

study? 

• Approach is viable 

8. How viable is the approach of presenting 

marketing summaries of technologies to 

participants for them to rate? 

• Approach is viable 

9. How burdensome will it be for study participants 

to rate several technologies in multiple rounds? 

• Unlikely to be overly burdensome 

10. What modifications, if any, to the GTRL scale 

should be considered before performing a larger 

validity and reliability study? 

• Reducing the number of readiness levels 

• Present examples with bullet points 

• Include higher order concept (HOC) or theme for 

each readiness level 

Note. Table created by author 
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FINDINGS 

A qualitative approach augmented by quantitative methods was taken to investigate the 

three questions that were the focus of the study.  Based on the study results, one can 

make the following conclusions regarding the three primary research questions. 

Research Question 1: How can the NASA TRL scale be adapted to better suit the needs of 

technology transfer professionals in a wider range of contexts, particularly university 

technology transfer practitioners? 

The development of the GTRL scale helped to understand how the NASA TRL scale could 

be adapted to better suit the needs of technology transfer practitioners in a wider range of 

contexts.  Adapting the NASA TRL scale to create the GTRL focused on minimizing 

ambiguity in the definitions of each scale level and reducing the cognitive burden imposed 

when using the GTRL scale.  This included using more precise words in the definitions, 

providing context-specific examples of each readiness level, using clear and simple 

sentence structures, minimizing the length of sentences where possible, avoiding 

misplaced modifiers, and using a consistent style (see Guliyeva, 2023; Johnson-Sheehan, 

2015; Office of the Federal Register, 2022, March 1; Yadav et al., 2021).  Chunking was also 

used to help reduce the cognitive burden imposed on the user (see Cowan, 2010; 

Thalmann et al., 2019).  For example, the GTRL scale comprises three broad categories of 

technologies.  Additionally, no more than three context-specific examples were included 

for each readiness level within a technology category. 

Research Question 2: How applicable to validating such an instrument based on “readiness 

levels” are the typical methods for assessing the validity of measurement instruments? 

The pilot validation study provided insight into whether the typical validation methods for 

assessing the validity of instruments are applicable for instruments designed to measure 

the degree of maturity of technologies that are based on “readiness level” scales.  In short, 

the typical validation methods are quite applicable.  However, some minor adjustments 

may be necessary to facilitate the application of such methods. 

Research Question 3: How should large scale studies be structured to better ensure the 

proper validation of technology maturity measurement instruments that are based on 

“readiness levels” and intended for use at universities and in other contexts? 

The pilot study provided numerous clues about how one should structure large scale 

studies of the validity and reliability of instruments designed to measure the maturity of 

technologies that are structured as “readiness level” scales such as the NASA TRL scale and 

GTRL scale.  One important lesson was that such studies should recruit participants that 

are somewhat homogeneous along certain dimensions such as setting (e.g., university, 

federal laboratory, private sector research and development) or experience assessing 

technologies.  Another is that participants in such studies will likely require more than just 
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casual familiarization with the scale.  Finally, large scale studies will likely need to recruit 

between 10 and 30 participants.  Moreover, email solicitations alone will probably not be 

sufficient to successfully recruit the necessary number of participants and offering 

compensation will likely be necessary to minimize non-response bias. 

SUMMARY HYPOTHESES CONCLUSIONS 

The findings above are warranted by the results of the exploration of the two hypotheses 

that were posed.  The results of this exploration lend credence to the two hypotheses 

because of the specific outcomes of the examination. 

Hypothesis 1: The NASA technology readiness level scale can be modified and generalized 

in a way that increases its practicality and minimizes idiosyncratic variation both within and 

across contexts. 

The approach taken to modify and generalize the NASA TRL scale demonstrated by the 

development of the GTRL scale does appear to be a viable scheme for reducing 

subjectivity and mitigating potential idiosyncratic variation.  The results of the pilot study 

suggest that such an approach holds promise but additional modifications are likely to 

increase the GTRL’s ease of use and further decrease idiosyncratic variation.  The 

modifications implemented thus far do not impede the practicality of the GTRL scale.  

Thus, the overall usefulness of a TRL-based scale is likely increased, but this needs to be 

established with a larger scale validation study. 

Hypothesis 2: The standard approaches for validating measurement instruments can be 

applied to validate instruments for measuring the construct of technology maturity that 

are structured as readiness levels. 

It appears that the standard methods and methodologies for validating measurement 

instruments can be applied to validating the GTRL scale and other technology maturity 

measurement instruments that are based on readiness levels.  The pilot study 

demonstrated that the most popular method for assessing content validity can be 

successfully applied to assessing the GTRL scale.  It also demonstrated the viability of 

applying standard methods for assessing reliability to the GTRL scale and provided insights 

to guide future studies. 

SUMMARY OF CONSIDERATIONS INVESTIGATED 

The study identified and highlighted several challenges that are likely to be encountered 

with efforts to validate TRL-based measurement instruments for assessing the maturity of 

technologies.  Investigating the following questions surfaced these challenges and 

revealed potential approaches to cope with them. 
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Consideration 1: What challenges are likely to be encountered in a larger study to assess 

the validity and reliability of the GTRL scale and other such instruments?  

A significant challenge with using the construct of technology readiness level as a measure 

of technology maturity is that there is no formal definition.  In fact, the concept of 

“technology readiness” does not appear to be explicitly defined in the literature.  

Moreover, there is no such unit or quantity of “readiness”.  It can be contextually 

operationalized in numerous ways such as the allowable failure rate for a product or 

system, the efficacy of a medical drug, or the variability of properties of a material at 

different design phases.  But such operationalizations are context-specific proxies.  Strictly 

speaking, they are not examples of technology readiness.  They simply stand in for the 

concept of “technology readiness”. 

Another difficulty that is likely to be encountered is participant recruitment.  Workloads 

and recent societal changes seem to make it more difficult to recruit participants for such 

studies.  Additionally, the current environment of cyberattacks and malicious malware 

make many people hesitant to respond to email solicitations, which are more cost effective 

for large studies. 

However, the most significant challenge to performing larger validation studies is 

epistemological in nature.  The CVI method of assessing content validity may not be as 

definitive as the literature suggests.  It assumes that experts are virtually omniscient and 

have near complete, infallible knowledge of the construct.  This obviously cannot be true, 

and history is replete with examples.  When using expert-based approaches it is possible 

for an instrument to incorporate dimensions that experts currently deem critical, which are 

later demonstrated to be irrelevant.  It is also possible for content validity to be deemed 

sufficiently high even if an instrument is missing relevant and useful dimensions of which 

the experts are simply not aware.  At best, such an approach can only estimate the degree 

to which the content of an instrument reflects the current consensus about dimensions of 

a phenomena. 

Consideration 2: Can the methods for assessing content validity be applied to the GTRL 

scale?  

The pilot study demonstrated that the most popular methods for assessing content validity 

and reliability can be applied to the GTRL scale.  The CVI value, the ICC value for inter-rater 

reliability, and Krippendorff’s alpha reliability coefficient were all successfully calculated and 

interpretable. 
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Consideration 3: Should participants in a larger validation study of the reliability of the 

GTRL scale be limited to university and federal laboratory technology transfer 

professionals? 

It is probably worthwhile to segregate participants in larger validation studies of the GTRL 

scale into relatively homogenous cohorts along various dimensions.  In such a scheme, one 

cohort would consist of university technology transfer professionals while federal 

laboratory technology transfer professionals would constitute another.  Validation studies 

can also be conducted with other homogenous groups such as private sector research and 

development professionals in specific industries.  This will likely increase the data quality 

and improve the internal consistency of the studies. 

Consideration 4: How difficult will it be to recruit study participants? 

It appears that obtaining the participation of university technology transfer professionals is 

likely to be a significant challenge in larger studies to assess the validity and reliability of 

the GTRL scale.  Six (6) of the 22 other individuals (27%) solicitated for the pilot study were 

employed as university technology transfer professionals but none of them responded 

even though all were familiar with the researcher making the request.  University 

technology transfer offices are notoriously understaffed and under-resourced.  This may 

have contributed to the non-response rate and exacerbated societal trends that already 

tend to increase non-response.  Several of the 22 other individuals solicited for the study 

were hesitant to click on the link in the invitation email that was distributed via the online 

survey platform because they feared getting a computer virus even though they 

recognized the name of the person making the request. 

Consideration 5: How should a larger study familiarize participants with the GTRL scale?  

Although this was only a pilot study, one interpretation of the lower than desired inter-

rater reliability statistics is that better instruction on the proper application of the scale may 

be needed in a larger study as well as when using the scale in practice.  The approach 

taken in the pilot study probably will not suffice.  The nature and specifics of this 

instruction will likely need to vary a bit among the study groups.  For example, the type 

and amount of instruction required for university technology transfer practitioners will 

likely differ to some non-trivial degree from that required for users in the private sector 

such as venture capital professionals. 

There are several possible options for familiarizing study participants with the GTRL scale.  

A video providing a more detailed explanation of the GTRL scale with examples of its 

application is one option.  Alternatively, one could also familiarize participants with the 

GTRL scale using a live synchronous overview that not only provides a more detailed 

explanation with examples of how to apply the scale but also enables participants to ask 

questions to clarify any confusion. 
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Consideration 6: What factors should be controlled in a larger validity and reliability study? 

In larger validation studies of the reliability of the GTRL scale, it is probably advisable to 

control for the type of experience the respondents have assessing technology maturity.  

Although the GTRL scale is intended for a broad spectrum of users, validating the scale in 

more homogeneous groups will likely improve the quality and internal consistency of the 

validation studies.  Additionally, studies can control for the category of technology.  This 

may enable the collection of cleaner data for a more accurate assessment of inter-rater 

and intra-rater reliability for a given class of technology.  It may also be prudent to control 

for the prestige of the organization offering the technology and the researchers that 

created the technology.  All these factors could potentially affect how participants rate a 

technology. 

Consideration 7: How viable are asynchronous web-based methods for administering a 

validity and reliability study? 

Asynchronous web-based methods for collecting data for studies of the validity and 

reliability of the GTRL scale and other such instruments for measuring technology maturity 

level appear to be viable.  There were no issues administering the questionnaires using the 

web-based survey platform. 

Consideration 8: How viable is the approach of presenting marketing summaries of 

technologies to participants for them to rate? 

Presenting several summaries of technologies to participants and having participants rate 

the technologies based on those summaries is a viable approach for conducting reliability 

studies.  The participants did not appear to encounter any problems.  This approach has 

the advantage of mimicking the nature and structure of how demand-side technology 

transfer professionals obtain initial information about technologies.  Moreover, it allows 

one to eliminate extraneous information and control for various factors. 

Consideration 9: How burdensome will it be for study participants to rate several 

technologies in multiple rounds? 

Having study participants rate several technologies in multiple rounds does not appear to 

be overly burdensome.  The longest time required to complete the questionnaire for the 

first round was within four (4) days of beginning the questionnaire with most of the 

participants completing the questionnaire within two (2) days of beginning it.  In the 

second round, all participants completed the questionnaire the same day they started.  

Having participants rate 10 technologies in multiple rounds did not appear to be overly 

burdensome. 
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Consideration 10: What modifications, if any, to the GTRL scale should be considered 

before performing a larger validity and reliability study? 

This was only a small pilot study.  As such, the data and results are not sufficient to make 

broad generalizations.  But they do provide some insights, and the results suggest that it 

may be prudent to consider modifications to either the instrument or the methodology, or 

both, before implementing larger studies of reliability. 

The validation statistics provide clues to the specific modifications that may be helpful.  

Depending on the reference, the scale level CVI value of 0.8 is considered acceptable for 

two expert raters.  The ICC value for the inter-rater reliability of rating technologies using 

the GTRL scale had a p-value greater than 0.05 in both rounds.  Thus, one could not reject 

the null hypothesis that there was no agreement among the raters.  However, the ICC 

value for inter-rater reliability did increase from the first round of technology ratings to the 

second round.  Krippendorff’s alpha reliability coefficient also increased from the first 

round of technology ratings to the second round, but was still well below the 0.667 

threshold, which is considered the minimal limit for tentative conclusions (see Krippendorff, 

2004).  The ICC value for estimating intra-rater reliability ranged from 0.557 to 0.559 and 

was statistically significant.  This suggests that use of the scale is moderately stable over 

time.  However, Krippendorff’s alpha reliability coefficient was 0.531, which is less than the 

0.667 threshold considered the smallest acceptable value. 

There are several possible modifications to the GTRL scale that can be implemented to 

address these issues.  First, reducing the number of indicators (i.e., readiness levels) on the 

GTRL scale may be worthwhile.  This will likely increase the inter-rater and intra-rater 

reliability of the instrument.  Assessments of technology maturity in certain settings and 

contexts, such as university and federal laboratory technology transfer, may not need the 

level of precision represented by the 10-level GTRL scale and other similar scales.  The 

GTRL scale may prove more practical and useful for the intended contexts of its application 

if it is reduced from a 10-level ordinal scale to a 5-level ordinal scale (see Table 12 and 

Supplementary Resource 7). 

It may also be worthwhile to re-format the examples for each readiness level and present 

them in a series of bullet points (see Figure 4).  This may help reduce the cognitive burden 

of using the instrument and allow users to more quickly locate the relevant information 

needed to rate a technology using the scale.  Finally, it may be helpful to include the 

higher order concept (HOC) or theme for each readiness level on the instrument.  This 

should be done in a very conspicuous manner that makes it easy to visually locate (see 

Supplementary Resource 7 and Supplementary Resource 8).  The HOC or theme may serve 

as a shorthand for users to help them mentally organize the details of the instrument and 

enable users to better apply the scale.  
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Table 12. Proposed 5-Level Ordinal GTRL Scale (GTRL-5) 

Level Maturation Milestone Definition Description 

0/1 Technology conceptualized Low uncertainty about 

whether GTRL-0 has been 

achieved but substantial 

uncertainty about whether 

GTRL-1 has been completely 

achieved. 

A perceived need or possible 

desired outcomes has been 

broadly described and a possible 

approach to satisfying the need or 

achieving the desired outcomes is 

conceived. 

2/3 Theoretical plausibility 

demonstrated 

Low uncertainty about 

whether GTRL-2 has been 

achieved but substantial 

uncertainty about whether 

GTRL-3 has been 

completely achieved. 

The relevant phenomena and basic 

scientific principles have been 

identified.  Experimental data and 

theoretical analysis demonstrate 

that it is feasible for the technology 

to achieve the desired outcome. 

4/5 Technical feasibility 

demonstrated 

Low uncertainty about 

whether GTRL-4 has been 

achieved but substantial 

uncertainty about whether 

GTRL-5 has been 

completely achieved. 

The elements of the technology 

have been integrated into 

prototypes comprising the key 

features, basic form, and desired 

functionality.  Tests of the 

prototypes in laboratory and 

simulated environments provide 

additional evidence that the 

technology is likely able to achieve 

the desired outcome. 

6/7 Solution viability 

demonstrated 

Low uncertainty about 

whether GTRL-6 has been 

achieved but substantial 

uncertainty about whether 

GTRL-7 has been 

completely achieved. 

High-fidelity or full-scale 

prototypes close to the envisioned 

final form and functionality have 

been sufficiently tested in the 

intended environment or suitable 

facsimile environments and have 

achieved the desired outcomes 

with sufficient consistency. 

8/9 Sufficiently mature for 

intended use 

Low uncertainty about 

whether GTRL-8 has been 

achieved but there may still 

be some uncertainty about 

whether GTRL-9 has been 

completely achieved. 

No further major modifications are 

necessary. For all intents and 

purposes and the technology is 

ready, or very nearly ready, to be 

implemented in the intended 

environment. 

Note. Table created by author. 
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Figure 4. Illustration of recommended modified layout of the Generalized Technology Readiness Level Scale 

Note. Figure created by author. 
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CONTRIBUTION AND RELEVANCE 

The GTRL scale and pilot study presented in this paper are relevant to the assessment and 

evaluation of research and technology for several reasons and contribute to technology 

transfer research, practice, and policy in several ways.  The GTRL scale is more practical for 

meeting the needs of technology transfer practitioners in contexts outside of space 

systems and military technology.  The features that are incorporated into the instrument 

help to significantly minimize idiosyncratic variation.  This not only makes the GTRL scale 

more useful for practitioners as they manage research and technology portfolios, but it is 

also an important improvement to facilitate technology transfer research, particularly 

investigations about technology maturity level.  A more consistent and reliable 

measurement instrument enables research study replication and facilitates cross-context 

comparisons.  Better empirically derived insights will in turn produce more effective public 

policies regarding science and technology because they will be rooted in facts supported 

by data and not just theoretical speculation. 

IMPLICATIONS 

The results of the study presented in this paper have two main implications.  First, the 

modifications and generalizations of the NASA TRL scale, as represented in the GTRL scale, 

have the potential to increase the efficacy and efficiency of university technology transfer 

practices.  Given what is in the literature, one can make a reasonably strong case that 

increasing the maturity level of technologies created at U.S. universities will increase the 

incidence of university technology transfer.  With a valid and reliable measurement 

instrument, university technology transfer practitioners will be able to better determine 

how much a given technology needs to be matured and provide better guidance to 

university researchers.  This will enable technology transfer practitioners to better allocate 

scarce resources to those technologies that hold the most promise for being successfully 

transferred to the private sector. 

Additionally, valid and reliable instruments for measuring the maturity of technologies will 

likely lead to more effective federal technology transfer policy.  Better measurement 

instruments will enable technology transfer researchers to conduct deeper and more 

varied explorations of the role and influence of technology maturity on technology transfer 

as a phenomenon.  This includes enabling the synthesis and analysis of data from multiple 

studies on technology transfer.  These improved research capabilities will produce more 

useful insights to inform public policy decisions. 

LIMITATIONS 

As a pilot study, the primary objective was to test core elements of an approach for 

assessing the validity and reliability of using a generalized technology readiness level 

(GTRL) scale as an instrument for evaluating the maturity of technologies, particularly in 
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the context of university technology transfer operations in the United States of America.  

The primary contribution of the study is mostly limited to presenting the GTRL scale itself 

and generating insights about the viability of the methodology for assessing its validity 

and reliability. 

The number of participants in the pilot study is too low to enable one to draw conclusions 

about the validity and reliability of the GTRL instrument.  The pilot study lacked sufficient 

power to detect real differences and thus there is a higher than acceptable risk of a Type II 

error and failing to detect validity in the instrument.  There is also a higher than acceptable 

risk of a Type I error and thus the possibility of spurious findings regarding validity and 

inter-rater reliability.  The low number of participants also impedes generalizing the validity 

and inter-rater reliability results to a wider population.  Despite these limitations, the 

analysis of the data collected does enable one to make reasonable conjectures about the 

potential problems that may be encountered when using a 10-level GTRL scale for 

assessing the maturity of technologies. 

RECOMMENDATIONS FOR FUTURE RESEARCH 

It is recommended that future studies of the validity and reliability of the GTRL scale focus 

on specific contexts and specific cohorts of relatively homogenous participants.  

Additionally, even though two (2) experts are considered minimally acceptable for content 

validity studies that employ the CVI method, it is recommended that such studies increase 

the number of experts to between six (6) and nine (9) to increase the degree of confidence 

that one can have in the results and minimize the probability of chance agreement. 

Finally, if future studies of inter-rater reliability present 10 technologies for rating, then the 

studies should have at least 10 participant raters to minimize the variance of the intraclass 

correlation coefficient (see Saito et al., 2006).  Two replicates (i.e., rounds of ratings) should 

be sufficient for studies of intra-rater reliability.  In such designs, between 10 and 30 

participants should suffice (see Koo & Li, 2016).  It is also recommended that future studies 

of validity and reliability offer financial compensation to incentivize the participation of 

technology transfer professionals and minimize non-response bias (see Dillman et al., 

2014).  Following up email recruitment messages with telephone calls may also be 

necessary to successfully recruit participants (see Dillman et al., 2014). 

CONCLUSION 

This paper presented a generalized technology readiness level (GTRL) scale that scholars 

and practitioners can potentially use to assess the maturity of technologies in a variety of 

settings and contexts, particularly university technology transfer in the United States of 

America.  It also presented the results of a pilot study to test a methodology for assessing 

the validity and reliability of the GTRL scale, which may also be useful for assessing other 

technology maturity measurement instruments that are structured as readiness level 
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scales.  The findings of the study suggest that the GTRL scale has promise as a potentially 

more useful measurement instrument for technology transfer practitioners than the 

traditional NASA TRL scale, demonstrate the viability of a methodology for evaluating its 

validity and reliability, highlight areas where the GTRL scale can be improved, and reveal 

potential methodological issues that researchers may encounter when conducting validity 

and reliability studies of the GTRL scale as well as strategies for coping with those 

challenges.  This paper contributes to the research management and technology transfer 

literature by proposing two versions of an instrument for assessing technology maturity 

that is potentially more practical and possibly less susceptible to idiosyncratic variation 

than the NASA TRL scale and thus has promise to improve technology transfer research, 

policy, and practice.  It demonstrates a replicable methodology for estimating the validity 

and reliability of the GTRL scale, which might also be useful for validity and reliability 

studies of other instruments for measuring the maturity of technologies when such 

instruments apply the concept of “readiness level”.  Moreover, this paper can also help 

other researchers avoid “re-inventing the wheel” in future efforts to develop and validate 

such measurement instruments. 
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