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Article 
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† A version of this study was presented in the author’s Ph.D. dissertation titled The Influence of Technology 

Maturity Level on the Incidence of University Technology Transfer and the Implications for Public Policy and 
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Abstract: This paper presents the results of a study aimed at understanding how technology 

maturity level influences the incidence of university technology transfer to the private sector. The 

study examined the topic from the perspective of private sector organizations. It used data from a 

random sample of patent applications filed with the United States Patent and Trademark Office and 

a theoretically guided sampling of multiple cases of private sector organizations that contemplated 

obtaining and assimilating technologies created at universities in the United States. The patent 

application data were analyzed using nonparametric statistical techniques and the case data were 

analyzed using qualitative comparative analysis (QCA). The findings of the study suggest that the 

typical maturity level of technologies created at U.S. universities is a TRL-5 or lower on as scale 

adapted from the NASA technology readiness level (TRL) scale. A technology maturity level of TRL-

6 or higher is likely an insufficient but necessary part of at least one unnecessary but sufficient 

configuration of conditions that tends to result in the occurrence of university technology transfer. 

However, under certain circumstances, a technology maturity level of at least TRL-6 could be a 

sufficient but unnecessary condition for the occurrence of university technology transfer. These 

findings have several important implications. First, they provide support for the notion that 

university technology transfer is subject to causal complexity. Moreover, it may be possible to 

increase the incidence of university technology transfer in the United States by implementing public 

policy and practices that explicitly take technology maturity level into consideration. 

Keywords: science policy; technology policy; technology; technology maturity level; technology 

readiness level; technology commercialization; technology transfer; university technology transfer 

 

Introduction 

Federal level public policy suggests that policymakers have been, and continue to be, unsatisfied 

with the incidence of transfer of technologies derived from research and development conducted at 

universities to the private sector (university technology transfer) for use that benefits the public 

interest (see e.g., Daily Comp. Pres. Doc., 2011-October-28; Office of Management and Budget [OMB], 

2002; OMB, 2018). Much of this research and development is federally funded. 

This study aimed to address a specific gap within the literature on university technology 

transfer. Research on the topic has revealed quite a bit about supply-side factors that seem to correlate 

with various output and outcome metrics. However, there is still much about university technology 

transfer that is unknown. The perspective of demand-side actors and the roles of many endogenous 

factors have remained relatively unexamined. This study provides insight into how private sector 

organizations decide whether to pursue obtaining and assimilating university-created technologies 

and the role that technology maturity level may play in such decisions. 

For purposes of the study, technology was defined as culturally influenced information that 

social actors use to pursue the objectives of their motivations, and which is embodied in such a 
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manner to enable, hinder, or otherwise control its access and use.1 University technology transfer 

was defined as technology (as defined above) created by university researchers through systematic 

methods and practices of inquiry that is knowingly and willingly conveyed to other parties who 

intend to apply the technology in a setting in which it has not previously been applied to achieve an 

end (see Footnote 2). Technology maturity level was defined as the degree to which one can use a 

given technology to achieve an end that is acceptable without the need for additional development. 

The primary research question that the study examined was how can the incidence of university 

technology transfer to the private sector in the United States be increased? Of specific concern was 

the influence of technology maturity level which is an understudied factor with important public 

policy implications. If technology maturity level is not a significant factor in successful university 

technology transfer, policymakers and technology transfer practitioners can eliminate it from the 

discussion and turn their attention to other potential explanatory factors. However, if technology 

maturity level is in fact a significant explanatory factor, then it is prudent for the U.S. government to 

consider this insight in forming public policy and for practitioners to modify their practices 

appropriately. 

Literature Review 

The review of the related literature explores the discourse about relevant theories, constructs, 

concepts, and research findings pertinent to the examination of how technology maturity level may 

influence the incidence of university technology transfer to the private sector in the United States. It 

is organized thematically because the discourse related to technology transfer in general, and 

specifically university technology transfer, draws upon various fields and is therefore 

interdisciplinary. 

The literature review begins with an examination of the typical approaches to studying 

university technology transfer and the gaps in the understanding of the determinants of success. 

From this examination, technology maturity level surfaces as a potentially important but 

understudied explanatory factor. Consequently, the literature review proceeds to explore the 

discourse related to understanding technology maturity level as a possible explanatory factor in the 

incidence of university technology transfer and associated outcomes.  

Because technology transfer is fundamentally a business decision on the demand side of the 

process (Barriers to Domestic Technology Transfer, 1992, p. 145), the literature review then delves 

into the perspectives of organization studies, economic theory, and decision theory. At least four 

possible broad explanations for the role that technology maturity level may play in influencing 

whether a private sector organization pursues, obtains, and assimilates a given technology can be 

found in these literatures. The first relates technology maturity level with the motivations and goals 

of organizations. The second and third possible explanations lean towards the postmodern 

perspective of organization studies in that they take into account the human element of organization. 

The fourth posits the interplay between organization structure and technology maturity level.  

Approaches to Investigating University Technology Transfer 

The discourses on university-industry relationships and absorptive capacity are the most 

relevant streams of technology transfer literature. However, most research on university-industry 

relationships has been from the perspective of universities and research institutions (i.e., a supply-

side perspective) and not private sector organizations that obtain and assimilate the technology – 

what one might appropriately term a demand-side perspective (Bengoa, Maseda, Iturralde, & 

Aparicio, 2020). Research on absorptive capacity, which is commonly defined in the literature as “a 

firm’s ability to recognize, assimilate, and apply external knowledge and learning processes” 

(Bengoa, Maseda, Iturralde, & Aparicio, p. 25), generally falls within the discipline of organization 

studies. Most studies in this stream of research have focused on understanding the factors that 

 
1 The author presented and justified this definition his dissertation titled The Influence of Technology Maturity 

Level on the Incidence of University Technology Transfer and the Implications for Public Policy and Practice. 
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influence the absorptive capacity of firms (i.e., for-profit commercial enterprises), when and how 

absorptive capacity can be a source of competitive advantage for firms, and the relationship between 

absorptive capacity and firm performance (Bengoa, Maseda, Iturralde, & Aparicio). It appears that 

the absorptive capacity literature does not address why firms choose to obtain and assimilate some 

technologies and not others. 

The major theories used to examine university technology transfer include transaction cost 

economic theory, the resource-based view (RBV), and the knowledge-based view (KBV) (Anatan, 

2015). Other frameworks, such as institutional theory (Anatan) and the contingent effectiveness 

model (Bozeman, 2000) have also been proposed as frameworks to guide investigations of the 

phenomenon of university technology transfer. Although these frameworks and theories have been 

successfully applied to study university technology transfer, their usefulness in understanding the 

role that technology maturity level may play in the occurrence of university technology transfer is 

limited. Their underlying assumptions and premises are either problematic or do not adequately 

capture the nature of university technology transfer. These include assumptions regarding profit 

maximization, internal resources as the source of sustained competitive advantage, and survival-

driven organization behavior. University technology transfer can and does occur in the absence of a 

profit motive (Association of University Technology Managers, 2021). From the perspective of private 

sector organizations, university-created technologies are external resources, not internal ones. 

Moreover, the degree to which an organization’s existence is in jeopardy waxes and wanes over time. 

Therefore, not all organizational behavior is driven by survival. 

Another problem in applying these various theories and frameworks to understand university 

technology transfer is that they seem to reify the construct of organization. This imposes limitations 

on their application and usefulness in examining the topic. Additionally, studies of technology 

transfer in general, and university technology transfer specifically, seem to have mostly focused on 

factors exogenous to the technology and technology transfer process. Moreover, they tend to examine 

the topic from the perspective of supply-side actors. 

Finally, quantitative studies of university technology transfer generally use some form of 

multiple regression analysis. This too has its shortcomings. Implicit in this approach is the idea that 

there is one best path to produce the outcome of interest. Moreover, it assumes that the effects of 

individual variables are non-interactive and can be isolated and combined in an additive manner 

(Ragin, 2000). However, causal complexity is indicative of social phenomena (Ragin), and university 

technology transfer is very much a social phenomenon. Therefore, university technology transfer is 

likely subject to conjunctural causation, equifinality, and causal asymmetry of outcomes.  

Determinants of Success in University Technology Transfer 

Several determinants of university technology transfer success can be found in the literature. 

These include researcher characteristics, features of university technology transfer offices, and 

institutional factors (see e.g., Arshadi & George, 2008; Baek, Hwang, & Park, 2018; Dolmans, Shane, 

Janowski, Reymen, & Romme, 2016; Heisey & Adelman, 2011; Kundu, Bhar, & Pendurangan, 2015; 

Markma, Gioaniodis, & Phan, 2009; Wu, Welch, & Huang, 2015; York & Ahn, 2012). However, most 

of the determinants identified are supply-side factors. In reviewing the literature on technology-

related factors that may drive the incidence of university technology transfer, technology maturity 

level does surface as a consideration that might provide significant insight into the policy problem of 

how to improve the incidence of university technology transfer. However, an examination of the 

literature suggests that scholars have barely scratched the surface when it comes to understanding 

the potential influence of technology maturity level on the occurrence of university technology 

transfer.  

In a survey of 300 industry licensing executives at business units that license external 

technologies, nearly 33 percent of the responses from respondents indicated the primary reason their 

organization did not license university technologies was that the development stage of university 

research tends to be too early (Thursby & Thursby, 2001). Interpreting this result is not 

straightforward. Moreover, the study provides no insight into how mature is mature enough for 
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private sector organizations. However, the finding can be taken as prima facie evidence that 

technology maturity level is a relevant determinant of the occurrence of university technology 

transfer.  

In another survey of more than 500 private sector organizations that sought to examine factors 

that hinder collaboration between universities in the United Kingdom (U.K.) and the private sector, 

roughly one-third of the respondents indicated that university research in the U.K. has an extreme 

orientation towards pure science (Bruneel, D’Este, & Salter, 2010). While the results of this study are 

likely to be somewhat generalizable to universities in the United States, they do not provide an 

answer as to how mature university technologies must be to interest private sector organizations. 

Moreover, it is not clear whether the respondents in the study considered such orientation towards 

pure science to be a barrier to collaboration; this seems to be an unverified assumption that the 

authors make. 

A study of differences in the maturity level of technologies pursued by established firms 

compared to startup firms found that the odds ratio of invention licensing by startup firms relative 

to invention licensing by established firms was lower for later stage inventions and higher for earlier 

stage inventions while invention licensing by established firms was positively correlated with later 

invention development stage (Munteanu, 2012). If one takes the results of the study at face value, 

they only posit an explanation for the distribution of university technologies transferred to the private 

sector between established firms and startup firms. They do not explain the overall incidence of 

university technology transfer and the role that technology maturity level may play.  

Insights into the Role of Technology Maturity Level 

The literature specific to university technology transfer provides limited information about the 

role of technology maturity level. It is, therefore, necessary to turn to the broader literature to 

understand how technology maturity level might influence the incidence of university technology 

transfer in the United States. The literature on the “valley of death”, organization studies, economic 

theory, and decision theory provide useful insights to help explain the role of technology maturity 

level in the occurrence of university technology transfer. 

The Valley of Death in University Technology Transfer 

Discussions among technology transfer practitioners about the so-called “valley of death” seem 

to imply that any given technology must progress to a certain minimum maturity level before it can 

be successfully transitioned to the private sector. The term valley of death is used in the contexts of 

research and development funding, new products development (NPD), and entrepreneurship with 

a slightly different connotation in each. Regarding research and development funding, it generally 

refers to the gap between funding provided by the federal government for basic research that 

produces scientific discoveries and funding provided by the private sector for applied research and 

development activity directed toward the exploitation of such discoveries in specific applications (see 

e.g., Ferguson, 2014; Guldbrandsen, 2009; Hudson & Khazragui, 2013). Many technology transfer 

practitioners point to this gap as a primary impediment to successfully transferring technologies to 

the private sector. 

In the context of research and development funding, the valley of death is shorthand for a 

phenomenon in which promising technologies are often abandoned because of an inability to attract 

sufficient funding to support the R&D activities necessary to further their development (Figure 1). 

Studies on the topic seem to allude to an association between technology maturity level and 

successful technology transfer (see, e.g., Markham, 2002; Markham, Ward, Aiman-Smith, & Kingon, 

2010; Tirpak, 2017; Wessner, 2005).  
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Figure 1. The Valley of Death in the Context of Research and Development Funding. 

In the context of NPD and entrepreneurship, the valley of death refers to the trend of increasing 

negative cumulative net profits over time until a product achieves market success at which point 

negative cumulative net profit begins to decrease and eventually cumulative net profit turns positive 

(Figure 2). New products and new business ventures either fail or are abandoned if they cannot 

attract sufficient funding to support activities until reaching the point where cumulative net profit 

turns positive. This connotation of the valley of death is relevant given that a significant amount of 

university technology transfer is pursued as new product development or new business venture 

initiatives (Song, Park, & Park, 2017). 

 

Figure 2. The Valley of Death in the Context of NPD and Entrepreneurship. 

The existence of the valley of death phenomenon is additional prima facie evidence in support 

of the hypothesis that technology maturity level is a significant factor in the incidence of university 

Note.  Figure created by author.
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technology transfer. However, it is not definitive proof. There may be other scenarios that could 

produce the phenomenon. For example, it could simply be a matter of labor supply. Some scholars 

have posited that product champions, driven by some motivation, shepherd projects across the valley 

of death (Markham 2002; Markham, Ward, Aiman-Smith, & Kingon, 2010). Technology maturity 

level may not be a significant factor for these champions. The phenomenon we call the valley of death 

could be nothing more than an imbalance between the supply of champions and the demand for 

champions much like shortages seen in other professions and industries, such as the dearth of 

engineers or programmers. Another scenario is that some factor other than technology maturity level, 

such as technology category or field of application, is the primary determinant between those 

technologies that successfully cross the valley of death and those that do not. Additionally, 

considerations concerning industry trends and economies of scale play a significant role in venture 

capital investment practices (Zider, 1998). These could just as easily explain any unwillingness of 

venture capital markets to fund the commercialization of technologies that happen to have a low 

maturity level. 

Economic Profit and Uncertainty 

Examining the influence of technology maturity level on how private sector organizations 

respond to university technology transfer opportunities requires considering the system by which 

members of a society allocate resources among themselves (i.e., the economic system). Information is 

something that members of a society use either directly or indirectly to make goods (as the term is 

used in economics) to satisfy their needs (i.e., the process of production). In this sense, information is 

a resource. If one conceptualizes technology in terms of information, then technology is also a 

resource. Consequently, technology transfer is an exercise in acquiring and allocating resources. 

In modern society, money is the primary means of obtaining the necessary resources to satisfy 

needs and achieve ends. This reliance on money necessitates the need for organizations to either 

generate economic profit (in the case of for-profit organizations) or at least achieve resource 

equilibrium in their operations (in the case of non-profit organizations which must secure at least as 

many resources as they consume to pursue their ends). 

The concept of economic profit has implications for the influence of technology maturity level 

on the incidence of university technology transfer. Economic profit requires uncertainty (Knight, 

1921). In an economic context, uncertainty exists when the probability distribution of a future event 

is either unknown or unknowable (Knight, 1921; Rose, 2001). Risk, on the other hand, exists when the 

probability distribution of a future event is measurable and known (Knight; Rose). This differs from 

the use of the term risk in everyday language.  

If economic profit requires uncertainty as Knight (1921) argued, one can surmise that there is 

generally a positive relationship between profit and uncertainty. However, such a positive 

relationship is unlikely to hold indefinitely. This suggests that the relationship between profit and 

uncertainty at the very least resembles a hyperbolic tangent function that approaches an asymptote 

of maximum possible profit (Figure 3a). This implies that there is a level of uncertainty beyond which 

no significant additional profits can be achieved (point X2 on Figure 3a). Organization members 

might use technology maturity level as a proxy for uncertainty by associating a high technology 

maturity level with low uncertainty and a low technology maturity level with high uncertainty. If 

this is the case, then there would be a technology maturity level below which organization members 

would presume that there would be no significant additional economic profits to obtain. Thus, there 

would be no economic incentive to pursue obtaining and assimilating technologies with 

unnecessarily low maturity levels. One might expect the incidence of university technologies 

transferred to the private sector to be low if the typical maturity level of such technologies is less than 

this inflection point.  

There is an interesting aside to this analysis. The scenario described suggests that it is possible 

for the maturity level of a given technology to be too high to result in transfer to the private sector 

(point X1 on Figure 8a). This too makes sense if high technology maturity level is indicative of low 

uncertainty and uncertainty is necessary for economic profit. Uncertainty reduced to zero would 
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eliminate profits. This possibly helps explain why an organization would pursue anything less than 

a fully matured technology in the context of the valley of death phenomenon. 

 

Figure 3. The Relationship Among Economic Profit, Uncertainty, and Technology Maturity level. 

The actual existence of such a correlation between technology maturity level and economic 

uncertainty is not necessary to influence the behavior of demand-side university technology transfer 

decision-makers. It is only necessary that the demand-side decision-makers believe such a correlation 

exists. According to the Thomas Theorem, what an individual subjectively perceives as real is real in 

its consequences (Thomas & Thomas, 1928, pp. 571-572). If demand-side technology transfer 

decision-makers believe such a correlation exists, they will act as if it does exist.  

Note.  Figure created by author.
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Cyert & March (1963) observed from empirical research that organizations avoid uncertainty. 

This seems rather ironic at first blush given the argument by Knight (1921) that uncertainty is 

necessary for economic profit. However, it does make sense that organizations would actively avoid 

excessive levels of uncertainty if the relationship between economic profit and uncertainty resembled 

a downward opening parabola akin to an inverted U-shape (Figure 3b) the apex of which would 

represent the maximum possible profit. Such a relationship would suggest that there is a range of 

uncertainty for which significant economic profits can be earned. On either side of this range, profits 

rapidly decline toward zero. If members of private sector organizations use technology maturity level 

as a proxy for uncertainty, it would make sense that they would avoid technologies with maturities 

below some level that is associated with excessively high uncertainty (point X2 on Figure 3b). A low 

incidence of university technologies would be transferred to the private sector if the maturity level 

of most technologies created by universities happens to fall below this point of inflection. As with the 

previous analysis, this scenario also suggests that it is possible for the maturity level of a given 

technology to be too high to result in transfer to the private sector.  

The tendency towards uncertainty avoidance of organizations manifests itself in various ways. 

It is reasonable to assume that organizations faced with uncertain choices regarding technology that 

they can obtain to help achieve their desired ends will seek additional data and information to try to 

reduce excessive uncertainty surrounding the likelihood of being able to successfully assimilate the 

technology. These include meta-information about the technology itself (i.e., information about 

information). According to bounded rationality, organization members in such situations should and 

will use heuristics to make their decisions (March, 1997). Members of private sector organizations 

may use technology maturity level as a kind of meta-information or as an element in one or more 

heuristics in evaluating technology transfer opportunities. In such cases, members of private sector 

organizations may use technology maturity level as a proxy for uncertainty as they try to avoid 

excessive uncertainty. 

Decision Premises and Technology Maturity Level 

The quest to understand the role that technology maturity level plays in determining whether 

organizations (as collectivities of individual persons) will pursue, obtain, and assimilate technologies 

created at U.S. universities in many respects is an exercise in understanding a specific type of 

organization behavior, namely organizational decision making. Although the theory of the firm treats 

organizational decision-making as purely an economically rationale process (Cyert & March, 1963), 

descriptive theory demonstrates that this is not the case in reality. The rational agent model of 

decision-making has been thoroughly rebutted. Moreover, organizational decision-making is both 

psychological and sociological (Simon, 1997). A host of non-economic phenomena are involved. 

Simulations and laboratory-based experimental investigations have demonstrated a socio-political 

dimension to decision-making in organizations (Hodgkinson & Starbuck, 2008). Decision-making is 

a function of not only the quantity, accuracy, objectiveness, and timeliness of data and information 

but also social processes such as sensemaking and sensegiving (Balogun, Pye, & Hodgkinson, 2008). 

Sociological phenomena can even modify and distort the judgments of decision-makers in group 

contexts (Asch, 1951; Asch, 1956). 

The essential activities of an organization are physical tasks (i.e., actions) performed by its 

members that are deemed necessary to achieve the ends of the organization (Simon, 1997). Before a 

physical action is performed by a member of the organization there must be a decision to perform 

the action (Simon). Every action involves a decision about whether to act and what action among 

multiple alternatives to take if action is in fact warranted. Therefore, the operative activities of an 

organization can be conceptualized as a series of decision-action couplets (Simon). Thus, focusing on 

the decision-making process is a viable approach to understanding the behavior of individuals and 

groups in an organizational context, such as university technology transfer. 

Humans make decisions in an organizational context based on beliefs about the nature of the 

physical and social world and their perceptions of the way things "ought" to be (Simon, 1997). Every 

decision made by organization members is composed of two distinct types of belief (Simon). The first 
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type of belief is a factual proposition that one can empirically determine to be true or false in an 

absolute or objective sense (Simon). The second type of belief is a value proposition that one cannot 

empirically determine to be true or false in an absolute or objective sense (Simon). The factual and 

value propositions one uses to arrive at and justify decisions to act are called decision premises 

(Simon).  

In the framework outlined by Simon (1997), one could argue that factual premises are rooted in 

data and information while value premises are rooted in emotions and preferences. Value premises 

are essentially imperative declarations that select one possible future state as desired and thereby 

exclude all others (Simon). As Simon explained, value premises are beliefs about the way things 

"ought" to be. They are ethical or normative in nature (Simon). Many decisions of organization 

members in roles at the higher levels of an organization hierarchy function as nothing more than 

value decision premises meant to guide the decisions and actions of members in roles at lower levels 

in the organization hierarchy (Simon). 

Some of the nomenclature that Simon (1997) used is a bit confusing. In the ordinary use of the 

term, “factual” tends to mean that a statement or assertion is true in an absolute or objective sense. 

However, in the framework described by Simon, factual propositions are not necessarily true 

although they can empirically be determined to be true or false in an absolute or objective sense. 

Consequently, a factual decision premise can be either true or false, accurate or inaccurate. As used 

by Simon, a factual decision premise is more accurately described as an assertion or proposition (in 

the epistemological use of the terms) about the nature of cause-and-effect relationships among events 

and phenomena of the physical and social world in which the individual employing the assertion or 

proposition has a propositional attitude of belief that the assertion or proposition corresponds with 

reality. It, therefore, seems more appropriate and less confusing to use the term causation decision 

premises, which is the term that shall be used going forward. 

Organization decision-making is a “decision-fabricating process” (Simon, 1997, p. 24). In some 

ways, this is analogous to formulating a natural language argument as in a line of reasoning to 

support a position, claim, or conclusion. Natural language arguments, as described by Fisher (2004), 

are created by combining independent reasons, compound reasons, and necessary intermediate 

conclusions to provide the justification for the main conclusion. The veracity of only one of several 

independent reasons is enough to justify a conclusion while the veracity of all compound reasons 

must be established to justify a resulting conclusion (Fischer). Likewise, organization members 

combine value decision premises and causation decision premises (including antecedent decisions 

serving as decision premises for subsequent decisions) in a Boolean fashion to guide the decision-

making process and produce a given organization decision aimed at resulting in a given action and 

outcome. 

The ultimate decisions of organizations regarding university technology transfer opportunities 

are likely complex decisions requiring several antecedent decisions. Moreover, it is likely that at least 

some of the decision premises are compound premises meaning that affirmation of all the premises 

is required to result in the action. If technology maturity level is a factor in the decisions of private 

sector organizations about whether to pursue, obtain, and assimilate a given university-created 

technology, it probably manifests as one or more decision premises in either the ultimate decision or 

an antecedent decision. Moreover, an insufficient technology maturity level in and of itself will be 

sufficient to result in a decision not to pursue a university technology transfer opportunity if it is part 

of a set of compound decision premises at any decision point in the decision chain. 

From a pragmatic standpoint, it is unlikely that members in the upper hierarchy of an 

organization can provide a comprehensive set of decision premises to guide the actions of members 

below them in the organization hierarchy in all situations. As such, any given organization member 

probably must supplement organization decision premises with additional decision premises that 

originate from other sources. These could be decision premises derived from the judgment and 

personal experiences of the individual members. They could also be decision premises introduced 

from outside the organization. Scholars have postulated that in addition to organizational cultures, 

communities of occupations create occupational cultures that extend across organizations, influence 
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the activities of organizations, and contribute to the similarities among organizations (Rojot, 2008). 

This suggests that there exists an occupational culture for technology transfer practitioners which 

may have produced one or more decision premises about technology maturity level that causes 

private sector organizations across the spectrum to seek technologies at maturity levels that are 

higher than the typical maturity levels of technologies available from U.S. universities. 

The Perspective of Descriptive Decision Theory 

Organization decision-making is both sociological and psychological (Simon, 1997). The 

psychology of individual decision-making is still necessary to understand organization decision-

making as it relates to the potential influence of technology maturity level on the incidence of 

university technology transfer. Descriptive research has demonstrated that actual decision-making 

very often deviates from what is considered optimal according to economically based normative 

decision theory (Hodgkinson & Starbuck, 2008). Simon (1957) introduced the concept of bounded 

rationality to explain how individuals cope with such constraints in decision-making. Because of 

bounded rationality, organization members often use heuristics to facilitate their decision-making 

(March, 1997; Tversky & Kahneman, 1974). 

Research suggests that humans engage in two distinct modes of thinking when forming 

judgments and making decisions (Kahneman, 2011). Evolutionary pressures have resulted in an 

intuitive mode of thinking that is the foundation of human judgment and decision-making. This 

intuitive mode of thinking (what Kahneman called System 1 thinking) happens automatically 

without effort, is always active, operates through human emotions and association, and is optimized 

for cognitive ease (Kahneman). The second mode of thinking (what Kahneman referred to as System 

2 thinking) is intentional and analytical (Kahneman). It requires mental effort and must be triggered, 

which often occurs by the failure of the intuitive thinking mode to readily produce a solution to a 

problem requiring judgment and decision making (Kahneman). It is the intuitive thinking mode 

which serves as the foundation for judgment and decision-making, causes humans to rely on 

heuristics, and makes human judgment and decision-making susceptible to biases. These phenomena 

do not simply disappear if decision-making occurs in an organizational context, which is the context 

for most decision-making regarding university technology transfer opportunities. As such, these 

phenomena likely affect the decisions of demand-side university technology transfer actors as they 

relate to technology maturity level. 

Human decision-making is largely driven by emotion which is the core mechanism of the 

intuitive mode of thinking. Even important decisions that demand intentional statistical thinking are 

influenced, if not governed, by the intuitive mode of thinking (Kahneman, 2011). Evolution has tuned 

the human intuitive thinking mode to survival. The prospects for survival increase with aversion to 

novelty (Kahneman). This likely has profound implications for university technology transfer, and 

technology transfer in general, for which novelty is a defining characteristic.  

Moreover, the human intuitive thinking mode defaults to confirmation and is biased towards 

belief and uncritical acceptance of suggestions (Kahneman, 2011). Even the intentional mode of 

human thinking defaults to a positive test strategy when evaluating explanatory propositions and 

searching for confirming evidence of judgments formed through the intuitive thinking mode 

(Kahneman).  

There are several possible scenarios in which the heuristics and biases that result from this dual 

mode of thinking might be at play when it comes to the potential influence of technology maturity 

level on the incidence of university technology transfer. The intuitive mode of thinking relies on 

association. Categorization is a form of association. Humans think of categories in terms of 

stereotypical representations of a normal member of a category (Kahneman, 2011). This is particularly 

relevant in between-subjects decision conditions (Kahneman), which is likely the scenario for most 

decisions regarding university technology transfer opportunities. This suggests that demand-side 

technology transfer practitioners rely on stereotypes of different categories of technology maturity 

level. Each stereotype is likely associated with certain characteristics. It is this association of 
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characteristics that might cause a demand-side technology transfer practitioner to decide against 

pursuing a technology that he or she has categorized as a low maturity technology. 

Another possible scenario involves the phenomenon of substitution that the intuitive thinking 

mode appears to employ. Kahneman (2011) proposed that when an individual encounters difficulty 

producing a satisfactory answer to a complex question, the intuitive thinking mode will substitute a 

related easier question often without the individual realizing it. Because technology maturity level is 

such an abstract, complex concept that is often difficult to characterize and quantify for a given 

technology, demand-side technology transfer practitioners might be susceptible to the substitution 

phenomenon. While they might intend to answer the question “What is the maturity level of this 

technology?” they may in fact be substituting another question such as “How well do I understand 

this technology?” or “What is a plausible scenario for successfully assimilating this technology?” In 

such a scenario, demand-side technology transfer practitioners may associate low maturity levels 

with technologies they do not understand well or for which they cannot easily generate plausible 

scenarios for successful assimilation. 

Prospect theory demonstrates that when making decisions individuals evaluate their 

alternatives in terms of expected utility relative to a reference point rather than on an absolute basis 

(Kahneman & Tversky, 1979; Kahneman & Tversky, 2013; Tversky & Kahneman, 1992). This relative 

evaluation determines whether individuals judge an alternative to be a gain or a loss. How 

alternatives are framed (i.e., losses versus gains) influences whether an individual tends towards risk-

aversion or risk-seeking in decision making (Kahneman, 2011; Tversky & Kahneman, 1986), as the 

terms are used in everyday language.  

Prospect theory asserts that there is a fourfold pattern to preferences. In one pattern, when 

individuals perceive that an option has a high probability of loss, their inclination is to act to avoid 

the loss and thus their decision-making tends toward risk-seeking (Kahneman, 2011). This effect 

(called the certainty effect) causes individuals in such situations to reject favorable alternatives 

(Kahneman). It is possible that the lower that demand-side technology transfer decision-makers 

perceive the maturity level of a technology to be, the higher they perceive the probability of failing 

to assimilate the technology to the point that they perceive failure to assimilate the technology as a 

near certainty. Failure to assimilate a technology is tantamount to a significant financial loss for the 

organization as well as possible personal and social losses (e.g., standing within the organization) for 

the individual. Applying prospect theory to this scenario, one would predict a low incidence of 

university technology transfer where demand-side technology transfer practitioners perceive the 

maturity level of technologies to be low. To avoid the loss associated with the perceived near certainty 

of failing to assimilate a technology, demand-side technology transfer decision-makers might seek 

the risk associated with searching for or waiting for the opportunity to pursue, a higher maturity 

level technology, which likely has a low chance of occurring (i.e., a risky proposition). Moreover, if 

demand-side technology transfer practitioners perceive the probability of failure as relatively high 

for all but the most mature technologies, then one would expect the incidence of university 

technology transfer to be anchored towards a low rate absent any kind of government intervention. 

Organizational Structure and Technology Maturity Level 

Several studies have attempted to relate the characteristics of other various elements of 

organizational structure to technology transfer outcomes (see e.g., Arshadi & George, 2008; 

Markman, Gianiodis, & Phan, 2009; Wu, Welch, & Huang, 2015; York & Ahn, 2012). However, these 

studies typically examine the issue from the perspective of the university (i.e., supply-side 

perspective). Bahcall (2019) provides insight on the demand-side of the equation into the possible 

interplay between organization structure as it relates to the number of organization members and 

technology maturity level.  
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The number of organization members is in part a function of how activities are divided and the 

amount of organization capacity desired. Bahcall studied what he called “loonshots”2 which, based 

on his description, one can conceive as ambitious, expensive, and risky or uncertain endeavors that 

have the potential to confer significant benefit to an organization, but which are counterintuitive to 

conventional wisdom. Bahcall explored the question of why an organization may favor loonshots at 

one point in its history but disfavor loonshots at another. He argued that organizational structure 

rather than organizational culture explains this transition from propensity to support so-called 

loonshots to a tendency to quash loonshots in favor of what he referred to as franchise projects – 

endeavors with lower costs and lower risk or uncertainty that build upon previous successes.  

Bahcall (2019) theorized that the number of employees (𝑀), below which a given organization 

will tend to nurture loonshots and above which the organization will favor franchise projects because 

politics will set in, has a direct relation with equity fraction ( 𝐸 ), management span ( 𝑆 ), and 

organizational fitness ( 𝐹 ) and an inverse relation with salary growth rate up the organization 

hierarchy (𝐺). The overall relationship is described by the formula 𝑀 ≈  
𝐸 𝑆2𝐹

𝐺
 , which implies that 

any organization of any given size can influence its propensity to favor loonshots or franchise projects 

by manipulating its structure along these parameters. Based on several assumptions, Bahcall argues 

that the threshold at which an organization will typically transition from nurturing loonshots to 

quashing them in favor of franchise projects is about 150 company employees (i.e., organization 

members). 

In the context of university technology transfer, it may be that low maturity level technologies 

are akin to loonshots and high maturity level technologies are analogous to franchise projects. 

However, it is also quite possible that most, if not all, efforts to transfer newly created technologies 

to the private sector are essentially loonshots regardless of technology maturity level. 

One interpretation of the theory offered by Bahcall (2019) suggests that organizations (e.g., for-

profit commercial enterprises) with 150 or fewer members would favor low maturity level 

technologies while organizations with greater than 150 members would tend to pursue high maturity 

level technologies. This is consistent with the idea that startup firms favor early-stage technologies 

while established firms favor later-stage technologies (see Munteanu, 2012), assuming the number of 

organization members is correlated with the age of the organization and its lifecycle stage. But this 

does not explain the incidence of university-created technologies that are transferred to the private 

sector for use that benefits the public interest. If it is the case that low maturity level technologies are 

akin to loonshots and high maturity level technologies are akin to franchise projects, one would 

simply expect the proportion of low maturity level and high maturity level technologies transferred 

to the private sector to mirror the distribution of firms with 150 or fewer employees versus those with 

greater than 150 employees. The theory also does not explain why an organization would choose one 

loonshot over another or one franchise project over another, all other things being equal, which is the 

challenge if it is the case that most, if not all, efforts to transfer newly created technologies to the 

private sector are essentially loonshots regardless of maturity level. 

Data and Methods 

Having established a theoretical and conceptual framework for the study, the discussion now 

turns to the data and methods used to conduct the study. It begins by re-stating the research question 

and specifying the theoretical propositions examined. It then details what data were collected, how 

the data were collected, and how the data were analyzed. 

Research Question and Theoretical Propositions 

The study employed a comparative case study approach from the perspective of private sector 

organizations (i.e., a demand-side perspective). Case study research is appropriate when the main 

 
2 The term “loonshot” appears to be a portmanteau that combines the term “loony”, which is an adjective 

meaning crazy or foolish, and “moonshot”, which is a reference to an extremely ambitious but risky project 

(Bachall, 2019; Merriam-Webster, 2021a; Merriam-Webster, 2021b). 
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research question is a “how” or “why” question about a contemporary phenomenon and the 

researcher has little or no control over behavior or events (Yin, 2018). At the core, the research 

question that the study sought to address was: 

Why is the incidence of university technology transfer to the private sector in the  

United States lower than desired? 

An alternative way of framing the research question for public policy purposes is as follows: 

How can the incidence of university technology transfer to the private sector in the United 

States be increased? 

To gain insight into these questions, the study focused on the demand-side of university 

technology transfer by exploring the following question: 

Why do private sector organizations in the United States pursue, obtain, and assimilate any 

given university-created technology? 

More specifically, the study investigated the following question: 

How does technology maturity level influence whether a private sector organization in the 

United States will obtain and assimilate any given university-created technology? 

It is proposed that the decision of members of private sector organizations to pursue, obtain, and 

assimilate a given externally created technology is largely driven by the perceived maturity level of 

the technology in conjunction with other conditions. The study posits that an acceptable technology 

maturity level is a necessary condition for private sector organizations to pursue, obtain, and 

assimilate a given externally created technology. The criteria for what members of private sector 

organizations consider to be an acceptable technology maturity level are established by economic 

factors, organizational dicta produced through sociological processes, as well as the judgments and 

cognitive biases of organization members. It is proposed that the minimum technology maturity level 

that tends to satisfy these criteria happens to be greater than the typical maturity level of technologies 

created at universities in the United States. 

Given that case study research does not use data from random samples as with survey research 

or randomization as in experimental designs, it does not attempt hypothesis testing or statistical 

inference (Yin, 2018). Instead, case study research focuses on research questions and theoretical 

propositions (Yin). Therefore, the term theoretical proposition is used rather than the term hypothesis 

to emphasize that the study aimed to make logical inferences rather than statistical inferences. 

The study examined several theoretical propositions that would give insight into answering the 

research questions above. The first theoretical proposition focused on the most idealistic situation 

regarding the maturity level of university technologies: 

Prop1:  A technology maturity level (𝐿 ) that happens to be greater than the typical 

maturity level of technologies created at U.S. universities (𝐿0) is a necessary and 

sufficient condition alone for the occurrence of university technology transfer 

(UTT). 

Examining plausible rival explanations is considered good methodological practice for case 

study research and helps to increase the robustness of the study findings (Yin, 2018). The study 

examined several plausible rival explanations concerning the possibility of there being one or more 

explanatory factors that are commingled with technology maturity level: 
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Prop2: 𝐿 > 𝐿0 is a necessary but not sufficient condition for UTT. 

Prop3: 𝐿 > 𝐿0 is a sufficient but not necessary condition for UTT. 

Prop4:  𝐿 > 𝐿0 is a necessary part of at least one configuration of causal conditions that 

is sufficient for UTT. 

The literature on technology transfer posits that early-stage firms prefer less mature technologies 

and later-stage firms prefer technologies with higher maturity levels because they each have a 

comparative advantage in assimilating the respective technologies (see e.g., Munteanu, 2012). As 

such, another theoretical proposition focused on the possibility that the age of the private sector 

organization (𝑌) moderates the influence of technology maturity level as a causal condition for the 

occurrence of university technology transfer: 

Prop5: 𝐿 > 𝐿0 is necessary for UTT when 𝑌 > 5 years. 

An additional plausible rival explanation is concerned with the structure of private sector 

organizations as it relates to the number of organization members. The literature suggests that the 

structure of an organization in terms of the number of members influences whether the organization 

favors loonshots or franchise projects (see e.g., Bahcall, 2019). If the transfer of technologies created 

at U.S. universities to the private sector is essentially a loonshot endeavor, the number of members 

(e.g., employees) of the private sector organization ( 𝑃 ) might act to moderate the influence of 

technology maturity level as a causal condition for the occurrence of university technology transfer 

as expressed in the following theoretical proposition: 

Prop6: 𝐿 > 𝐿0 is necessary for UTT when 𝑃 ≥ 151 people. 

A multiple case study research design was used to examine these research questions and 

theoretical propositions. Case study research is a mode of inquiry on par with experimental research, 

survey research, historical research, and statistical research (Yin, 2018). As with experimental 

research designs, case study research is generalizable to theoretical propositions but not populations 

or universes (Yin). However, the goal of a case study research design is to make analytical 

generalizations or logical inferences rather than statistical generalizations or statistical inferences 

(Yin). 

Conceptualization and Operationalization of Key Constructs 

For the purposes of the study, technology was operationalized as information that is embodied 

in such a way that a contractual agreement that can be enforced through the coercive powers of the 

state (e.g., a license) can be employed as the mechanism for controlling the private sector 

organization’s access to and use of the information. The study operationalized technology transfer as 

an announcement or other evidence that a private sector organization either executed or pursued a 

contractual agreement (as described above) with a university for technology that the university either 

owned or controlled. In practical terms, this is a narrow conceptualization and operationalization 

because most such announcements are likely to be for agreements based on financial transactions 

with for-profit commercial enterprises. However, it does not preclude transfers of technology that 

are not driven by profit or do not involve financial transactions. 

The primary factor of interest was technology maturity level. The study used an adaptation of 

the NASA technology readiness level (TRL) scale to operationalize technology maturity level. 

Specifically, the study used the maturity level of the technology relative to the typical maturity level 

of technologies created at U.S. universities. 

In addition to technology maturity level, case data were collected about other factors that the 

literature suggested may be explanatory (Table 1). Although secondary factors collected for multiple 
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case studies are not the primary focus, they may be important for the interpretation of any 

relationship that may be found between the dependent factor and primary independent factor of 

interest (Kaarbo & Beasley, 1999). Moreover, causal complexity is a basic premise of the methodology 

used. Multiple conditions and attributes may have a causal role in the occurrence of university 

technology transfer.  
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Table 1. Primary Case Atributes Assessed. 

 
  

Attribute Name Abbreviation

App.Internal INT

App.Lifesci LIF

App.Nonlifesci NLS

DemandOrg.Early ERL

DemandOrg.Small SML

Description

Whether the type of application for which the organization that considered obtaining and assimilating 

the technology was a life science market offering.

Takes on dichotomous values: 1 -Yes, 0 - No.

Whether the application for which the organization that considered obtaining and assimilating the 

technology was for anything other than a life science market offering or the internal operations of the 

organization.

Takes on dichotomous values: 1 -Yes, 0 - No.

Whether the application for which the organization that considered obtaining and assimilating the 

technology was for the internal operations of the organization.

Takes on dichotomous values: 1 -Yes, 0 - No.

Whether the organization that considered obtaining and assimilating the technology had 150 or fewer 

members at the time.

Takes on dichotomous values: 1 - Yes, 0 - No.

Whether the organization that considered obtaining and assimilating the technology was an early-

stage organization at the time.

Taks on dichotomous value: 1 - Yes, 0 - No.
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Table 1. Cont. 

 
 

Attribute Name Abbreviation

Maturity MAT

Maturity.Relative REL

Profit PFT

UnivTechTransfer UTT

Note.  Table created by author.

Whether the case is an instance in which university technology transfer occurred.

Takes on dichotomous values: 1 - Yes, 0 - No.

Whether the maturity level of the technology is greater than the typical maturity level of technologies 

created by U.S. universities.

Takes on dichtomous values: 1 - Yes, 0 - No.

Description

Whether the organization that considered obtaining and assimilating the technology was significantly 

motivated to generate economic profit at the time.

Takes on dichotomous values: 1 - Yes, 0 - No.

The maturity level of the technology as measured by NASA technology readiness level scale.

Takes on ordinal values: 1 throuh 9.
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Data Collection 

The data for the study consisted of two parts. The first was data used to determine the typical 

maturity level of technologies created at U.S. universities (𝐿0). A sample of technologies was analyzed 

to establish 𝐿0 (Table 2). This consisted of taking a random sample of 30 patent applications for 

inventions assigned to U.S. universities that were filed with the U.S. Patent and Trademark Office 

(USPTO) and published in 2019. Patent applications is a broader category than allowed patents. Thus, 

this approach avoided an overly narrow operationalization of technology. To eliminate idiosyncratic 

variation, only one person rated the maturity level of the technologies in the sample using an 

adaptation of the NASA TRL scale specified in the case attribute coding guidelines (Table 3). These 

data were then used to determine the lowest maturity level that was at least as high as the level for 

80 percent of the technologies in the sample (𝐿80𝑡ℎ). This 80th percentile ranking was used as the 

benchmark for 𝐿0. Thus 𝐿 ≤ 𝐿80𝑡ℎ was the calibration for 𝐿0 in the analysis. 

The second part of the data set concerned instances of potential university technology transfer 

in which a private sector organization considered obtaining and assimilating a university-controlled 

technology. Prior to identifying cases and collecting case data, it was necessary to construct case 

coding guidelines (see Table 3). The case coding guidelines directed the collection of evidence to code 

the conditions and attributes for each case used in the study (see Kaarbo & Beasley, 1999). The case 

coding guidelines specified in advance what evidence was necessary to make a judgment about the 

value of a case attribute and how that value was to be coded (see Kaarbo & Beasley).  
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Table 2. Data for Analysis of the Typical Maturity Level of University Technologies. 
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1 16477167 Utility Duke University US 0 5 0 0 0 1 0 0 0

2 16375304 Utility Wayne State University US 1 5 0 0 0 1 0 0 0

3 16379309 Utility CORNELL UNIVERSITY US 0 4 0 0 0 1 0 0 0

4 16331249 Utility BOARD OF REGENTS, THE UNIVERSITY OF TEXAS 

SYSTEM

US 0 4 0 0 1 1 0 0 0

5 16242170 Utility The Trustees of the University of Pennsylvania US 1 5 0 0 0 1 0 0 0

6 16335813 Utility THE REGENTS OF THE UNIVERSITY OF CALIFORNIA US 0 4 1 0 0 1 0 0 0

7 16473707 Utility The Regents of the University of California US 0 3 0 0 0 0 0 0 0

8 16299383 Utility Northwestern University, Battelle Memorial Institute, 

The Trustees of Columbia University in the City of

US, , 1 4 0 1 0 0 0 0 0

9 16255557 Utility THE REGENTS OF THE UNIVERSITY OF CALIFORNIA US 1 5 0 1 0 1 0 0 0

10 16366674 Utility Southern Methodist University US 1 4 0 1 0 1 0 0 0

11 16320850 Utility Georgetown University US 1 5 0 0 0 1 0 0 0

12 16478076 Utility Board of Regents, The University of Texas System US 0 4 0 0 0 1 0 0 0

13 16272197 Utility The Texas A&M University System US 0 3 0 0 0 0 0 0 0

14 16299793 Utility Duke University US 0 5 0 0 0 1 0 0 0

15 16284352 Utility DUKE UNIVERSITY US 0 4 1 0 0 1 0 0 0

16 16479177 Utility The Regents of the University of California US 1 5 0 0 0 1 0 0 0

17 16345403 Utility University of Florida Research Foundation, Inc. US 0 5 0 0 1 0 0 0 0
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Table 2. Cont. 
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18 16315729 Utility CORNELL UNIVERSITY US 1 4 1 0 0 1 0 0 0

19 16246928 Utility The Trustees of Princeton University US 1 4 0 0 1 1 0 0 0

20 16240578 Utility University of Washington US 1 5 1 0 0 1 0 0 0

21 16316694 Utility UNIVERSITY OF FLORIDA RESEARCH FOUNDATION, 

INCORPO

US 1 4 0 0 0 1 0 0 0

22 16353974 Utility Regents of the University of Minnesota US 0 5 0 1 1 1 0 0 0

23 16326575 Utility Rutgers, The State University of New Jersey US 0 4 0 1 0 0 0 0 0

24 16268094 Utility Board of Regents, The University of Texas System US 1 4 0 0 0 0 0 0 0

25 16519282 Utility Case Western Reserve University US 1 3 0 0 0 1 0 0 0

26 16474958 Utility The Trustees of the University of Pennsylvania US 0 5 0 0 0 1 0 0 0

27 16324088 Utility Rutgers, The State University of New Jersey US 0 6 0 1 1 0 0 0 0

28 16485190 Utility VANDERBILT UNIVERSITY US 1 5 0 0 0 1 0 0 0

29 16378309 Utility Board of Regents, The University of Texas System US 0 4 0 1 0 1 0 0 0

30 16301167 Utility The Regents of the University of California, Wisconsin 

Alumni Research Foundation, University of Iowa 

Research Foundation, Washington University

US, US, US, US 1 6 0 0 0 1 0 0 0

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 January 2023                   doi:10.20944/preprints202301.0504.v1

https://doi.org/10.20944/preprints202301.0504.v1


 21 

 

Table 2. Cont. 

 
  

Attribute

abandoned

app_country

app_entity

app_number

app_type

federal.funding

maturity

need.actualize

The maturity level of the technology as measured by NASA technology readiness level scale.

Takes on ordinal values: 1 through 9.

Whether the intended application of the technology addresses self-actualization needs as described 

on Maslow's hierarchy of needs.

Takes on dichtomous values: 1 - Yes, 0 - No.

The country in which the organization to whom the patent application was assigned is located.

Takes on character data.

The name of the organization to whom the patent application was assigned.

Takes on character data.

The identification number the U.S. Patent and Trademark Office assigned to the patent application.

Takes on character data.

The type of patent application filed (e.g., provisional, utility, design, plant).

Takes on character data.

Whether the technology was created with funding support from the U.S. government.

Takes on dichtomous values: 1 - Yes, 0 - No.

Description

Whether the patent application was abandoned.

Takes on dichotomous values: 1 -Yes, 0 - No.
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Table 2. Cont. 

 

 
  

Attribute

need.esteem

need.love

need.physio

need.safety

patent

sample_seq

Note.  Data compiled by author.  Table created by author.

A numerical value indicating the sequence in which the patent application was drawn for the random 

sample of patent applications.

Takes on interval values: 1 through 30.

Whether the intended application of the technology addresses safety needs as described on Maslow's 

hierarchy of needs.

Takes on dichtomous values: 1 - Yes, 0 - No.

Whether the U.S. Patent and Trademark Office allowed a patent.

Takes on dichotomous values: 1- Yes, 0 - No.

Whether the intended application of the technology addresses esteem needs as described on 

Maslow's hierarchy of needs.

Takes on dichtomous values: 1 - Yes, 0 - No.

Whether the intended application of the technology addresses love needs as described on Maslow's 

hierarchy of needs.

Takes on dichtomous values: 1 - Yes, 0 - No.

Whether the application of the technology addresses physiological needs as described on Maslow's 

hierarchy of needs.

Takes on dichtomous values: 1 - Yes, 0 - No.

Description
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Table 3. Case Attributes Coding Guidelines. 

 
  

Case Attribute Abbreviation Description Coding Guidelines

Age.DemandOrg ORG The amount of time in months from the day the organization was 

established to the day the organization began considering whether 

to obtain and assimilate the technology.  

Code this attribute with the number of months to two decimal places.  

Calculate as the number of days between the two dates divided by 

30.42 days per month.

Age.Tech TEC The amount of time in months from the day the technology was 

created to the day the organization began considering whether to 

obtain and assimilate the technology.  

Code this attribute with the number of months to two decimal places.  

Calculate as the number of days between the two dates divided by 

30.42 days per month.

App APP The type of application for which the organization that 

contemplated obtaining and assimilating the technology is likely 

intended.

Code this attribute as 1 if the application for which the organization 

that contemplated obtaining and assimilating the technology is a life 

sciences related market offering.  Otherwise, code this attribute as 2.

App.Internal INT Whether the application for which the organization that 

contemplated obtaining and assimilating the technology is for the 

internal operations of the organization.

Code this attribute as 1 if the application is for internal operations of 

the organization that contemplated obtaining and assimilating the 

technology.  Otherwise, code this attribute as 0.

App.LifeSci LIF Whether the type of application for which the organization that 

contemplated obtaining and assimilating the technology is a life 

science market offering.

Code this attribute as 1 if the application is for a life science market 

offering for the organization that contemplated obtaining and 

assimilating the technology.  Otherwise, code this attribute as 0.

App.NonLifeSci NLS Whether the application for which the organization that 

contemplated obtaining and assimilating the technology is for a non-

life science market offering.

Code this attribute as 1 if the application is for a no-life science 

market offering for the organization that contemplated obtaining and 

assimilating the technology.  Otherwise, code this attribute as 0.

Case.Time2019 CAS Whether the case is a member of Date.Considered OR 

Date.Decision. 

Code this attribute according to rules of Boolean algebra for the union 

of sets.   Value = max {membership value in set 1, membership value 

in set 2}.
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Table 3. Cont. 

 
  

Case Attribute Abbreviation Description Coding Guidelines

Connections CXN Whether there were any significant social or professional 

connections between the creators of the technology and the 

organization that contemplated obtaining and assimilating the 

technology or between individuals at the organization who were 

involved in the decision regarding whether to obtain and assimilate 

the technology and the university where the technology was 

created.

Code this attribute as 1 if there is evidence of social or professional 

connections between any of the creators of the technology and the 

organization that contemplated obtaining and assimilating the 

technology or between individuals at the organization who were 

involved in the decision regarding whether obtain and assimilate the 

technology and the university where the technology was created.  

Otherwise, code this attribute as 0.

Connections.Creator CRT Whether any of the creators of the technology had a significant 

social or professional connection to the organization that 

contemplated obtaining and assimilating the technology.

Code this attribute as 1 if there is evidence that any of the creators of 

the technology had a significant social or professional connection to 

the organization that contemplated obtaining and assimilating the 

technology.  Otherwise, code this attribute as 0.

Date.Considered2019 CSD Whether the date that the organization began contemplating 

obtaining and assimilating the technology fell between January 1, 

2019 and December 31, 2019. 

Code this attribute as 1 if the date that the organization began 

contemplating obtaining and assimilating the technology fell between 

January 1, 2019 and December 31, 2019.  Otherwise, code this 

attribute as 0.

Date.Decision2019 DCN Whether the date that the organization made its decision about 

obtaining and assimilating the technology fell between January 1, 

2019 and December 31, 2019. 

Code this attribute as 1 if the date that the organization made its 

decision about obtaining and assimilating the technology fell 

between January 1, 2019 and December 31, 2019.  Otherwise, code this 

attribute as 0. 

DemandOrg.Aware AWR The date the organization began considering whether to obtain and 

assimilate the technology.

Code this attribute with the date that the organization began 

contemplating whether to obtain and assimilate the technology.  Use 

a proxy as necessary, such as the date the organization requested 

information about the technology from the university.  If necessary, 

impute the attribute with the date that is 180 days before the date 

assigned to the DemandOrg.Decision  attribute, or the date assigned to 

Tech.Date  if the date assigned to DemandOrg.Decision  less than 180 

days after the date assigned to Tech.Date .  
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Table 3. Cont. 

 
  

Case Attribute Abbreviation Description Coding Guidelines

DemandOrg.Decision DOD The date the organization made its decision regarding whether to 

obtain and assimilate the technology.

Code this attribute with the date that the organization made its 

decision regarding whether to obtain and assimilate the technology.  

Use a proxy as necessary, such as the date of an announcement about 

a license agreement.  If necessary, impute the attribute with the date 

that is 180 days after the date assigned to the DemandOrd.Aware 

attribute.

DemandOrg.Early ERL Whether the organization that is that contemplated obtaining and 

assimilating the technology is an early-stage for-profit commercial 

enterprise.

Code this attribute as 1 if the organization that contemplated 

obtaining and assimilating the technology had been operating for less 

than 5 years (60 months) prior to considering the technology.  

Otherwise, code this attribute as 0.

DemandOrg.Formed EST The date the organization that is that contemplated obtaining and 

assimilating the technology was established and considered 

operating.

Code this attribute with the date that the organization that 

contemplated obtaining and assimilating the technology filed articles 

of organization with the relevant territory.  

DemandOrg.Small SML Whether the organization that contemplated obtaining and 

assimilating the technology had 150 or fewer members at the time 

it began considering the technology.

Code this attribute as 1 if the organization that contemplated 

obtaining and assimilating the technology had 150 or fewer members 

at the time it began considering the technology.  Otherwise, code this 

attribute as 0.

Founder.Creator FND Whether the creator of the technology or anyone at the university 

where the technology was created was a founder of the 

organization that contemplated  obtaining and assimilating the 

technology or had a significant role in its founding.

Code this attribute as 1 if there is evidence that the creator of the 

technology or anyone at the university where the technology was 

created was a founder of the organization that contemplated 

obtaining and assimilating the technology or had a significant role in 

its founding.  Otherwise, code his attribute as 0.

Funding.Federal FED Whether the technology was created with the use of funding from 

the U.S. government.

Code this attribute as 1 if there is evidence that the technology was 

created with the use of funding from the U.S. government.  

Otherwise, code this attribute as 0.
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Table 3. Cont. 

 
  

Case Attribute Abbreviation Description Coding Guidelines

Involvement.Creator INV Whether any of the creators of the technology were expected to be 

involved in the organization's assimilation of the technology.

Code this attribute as 1 if there is evidence that any of the creators of 

the technology were expected to be involved in the organization's 

assimilation of the technology.  Otherwise, code this attribute as 0.

Loc.DemandOrg LDO Whether the organization that contemplated obtaining and 

assimilating the technology was located in the United States of 

America. 

Code this attribute as 1 if the organization or division of the 

organization that contemplated obtaining and assimilating the 

technology was located in the United States of America.  Otherwise, 

code this attribute as 0.

Loc.Univ LUV Whether the university where the technology was created was 

located in the United States of America. 

Code this attribute as 1 if the university where the technology was 

created was located in the United States of America.  Otherwise, code 

this attribute as 0.  If the technology was created through an inter-

institutional collaboration, use the location of the university with 

whom the primary investigator was affiliated to evaluate this 

attribute.

Maturity MAT The maturity level of the technology as measured on the NASA 

technology readiness level scale.

Code the maturity level of a technology according the  guidelines 

below.  Start by evaluating the requirements for TRL-9 and proceed 

backwards through each level through TRL-1.

9 Technology readiness level 9 (TRL-9) Code the maturity level of a technology as TRL-9 if the technology can 

be used in the intended application as is without additional 

development.  Examples of evidence of this maturity level include, 

but are not limited to, implementation of a Phase 3 clinical trial, or 

operational testing and evaluation of a production prototype.

8 Technology readiness level 8 (TRL-8) Code the maturity level of a technology as an 8 if the technology does 

not satisfy the requirements for level 9 but the technology has been 

tested under the expected range of actual conditions in which the 

technology is intended to be used.  Examples of evidence of this 

maturity level include, but are not limited to, implementation of a 

Phase 2 clinical trial, or completion of pre-production prototypes 

beyond the first generation.
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Table 3. Cont. 

 
  

Case Attribute Abbreviation Description Coding Guidelines

Maturity MAT The maturity level of the technology as measured on the NASA 

technology readiness level scale.

Code the maturity level of a technology according the  guidelines 

below.  Start by evaluating the requirements for TRL-9 and proceed 

backwards through each level through TRL-1.

7 Technology readiness level 7 (TRL-7) Code the maturity level of a technology as a 7 if the technology does 

not satisfy the requirements of levels 8 though 9 but the technology 

has been tested in simulations of the expected range of conditions in 

which the technology is intended to be used.  Examples of evidence 

of this maturity level include, but are not limited to, implementation 

of a Phase 1 clinical trial, or completion of a first generation pre-

production prototype.

6 Technology readiness level 6 (TRL-6) Code the maturity level of a technology as a 6 if the technology does 

not satisfy the requirements of levels 7 though 9 but the technology is 

near the desired final configuration for using the technology in the 

intended application.  Examples of evidence of this maturity level 

include, but are not limited to, completion of a pre-clinical safety and 

dosage studies, or completion of a first generation form-and-function 

prototype.

5 Technology readiness level 5 (TRL-5) Code the maturity level of a technology as a 5 if the technology does 

not satisfy the requirements of levels 6 though 9 but the technology 

has been integrated with other supporting elements that are required 

to use the technology in its intended application and the integration 

has been tested in a laboratory environment.  Examples of evidence 

of this maturity level include, but are not limited to, completion of in 

vivo  experiments, functional prototypes, or other controlled 

experiments.
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Table 3. Cont. 

 
  

Case Attribute Abbreviation Description Coding Guidelines

Maturity MAT The maturity level of the technology as measured on the NASA 

technology readiness level scale.

Code the maturity level of a technology according the  guidelines 

below.  Start by evaluating the requirements for TRL-9 and proceed 

backwards through each level through TRL-1.

4 Technology readiness level 4 (TRL-4) Code the maturity level of a technology as a 4 if the technology does 

not satisfy the requirements of levels 5 though 9 but at least one of 

the basic elements of the technology has been tested in a laboratory 

environment.  Examples of evidence of this maturity level include, 

but are not limited to, completion of in vitro  experiments, laboratory-

scale breadboard prototypes, wireframes, or mockups.

3 Technology readiness level 3 (TRL-3) Code the maturity level of a technology as a 3 if the technology does 

not satisfy the requirements of levels 3 though 9 but the primary 

parameters of interest have been identified and the range of 

acceptable values has been determined.

2 Technology readiness level 2 (TRL-2) Code the maturity level of a technology as a 2 if the technology does 

not satisfy the requirements of levels 3 though 9 but an analysis has 

been prepared that provides prima facie  evidence of the plausibility 

of using the technology in the intended application.

1 Technology readiness level 1 (TRL-1) Code the maturity level of a technology as a 1 if the technology does 

not satisfy the requirements of levels 2 though 9.

Maturity.Relative REL Whether the maturity level of the technology is greater than the 

typical maturity level of technologies created by U.S. universities.

Code this attribute as 1 if the maturity level of the technology as 

measured on the NASA technology readiness level (TRL) scale is 

greater than TRL-5.  Otherwise, code this attribute as 0.
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Table 3. Cont. 

 
 

Case Attribute Abbreviation Description Coding Guidelines

Motive.Profit PFT Whether the organization that contemplated obtaining and 

assimilating the technology was significantly motivated to generate 

economic profit at the time it began considering the technology. 

Code this attribute as 1 if the organization that contemplated 

obtaining and assimilating the technology had a significant motivation 

to generate economic profit at the time it began considering the 

technology.  Otherwise, code this attribute as 0.

StatusArtis ART Whether the organization that contemplated obtaining and 

assimilating the technology considered it to be state-of-the-art.

Code this attribute as 0 if there is evidence that the organization that 

contemplated obtaining and assimilating the technology did NOT 

consider it to be the latest and most sophisticated or most advanced 

approach to achieving the intended ends of the technology.  

Otherwise, code this attribute as 1.

Tech.Date DTE The date the university created the technology. Code this attribute with the date that the university created the 

technology.  Use a proxy as necessary such as the date the university 

filed the first patent application.

University UNV The name of the university where the technology was created. Enter the name of the where the technology was created.  If the 

technology was created via an inter-institutional collaboration, enter 

the name of the university with which the primary or lead inventor of 

the technology was affiliated at the time the technology was created.

UnivTechTransfer UTT Whether the case is an instance in which university technology 

transfer occurred.

Code this attribute as 1 if the organization that contemplated 

obtaining and assimilating the technology either obtained the 

necessary rights for the technology or engaged in negotiations to 

obtain rights for the technology even if no agreement was reached.  

Otherwise, code this attribute as 0.

Note.  Table created by author.
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The goal was to collect data on at least 20 cases of potential university technology transfer. Two 

primary criteria were used to screen potential cases. To be included in the study the cases needed to 

have occurred during or around calendar year 2019 and the technology must have been created at a 

U.S. university.  

Various methods were used to locate potential cases for the study. Trade journals, newspapers, 

and newswires were searched to locate articles and news releases with the terms “licenses” and 

“university” in the headline. The ABI/INFORM Collection database was used to conduct the search. 

The search was limited to annual reports, articles, cover stories, industry reports, market reports, 

market research, and news reports from January 1, 2019 through December 31, 2019 found in 

magazines, newspapers, trade journals, and wire feeds. These search criteria produce a list of 11 

potential cases for consideration. However, not all these cases satisfied the criteria for inclusion in the 

study. 

The cases identified through a search of the ABI/INFORM Collection database were augmented 

with cases identified from a search of the Technology Transfer eNews archive of entries, which is not 

indexed or abstracted in any research database. Technology Transfer eNews 

(https://techtransfercentral.com/category/tech-transfer-enews/) is a free blog targeted at technology 

transfer and intellectual property professionals. It is produced and published by 

2MarketInformation, Inc. Although slower than using a robust search function, simply browsing 

entries allowed the quick identification of potential cases for inclusion in the study.  

The initial search produced fewer cases than desired for the study. Consequently, the date 

parameters for the search were expanded. Additional cases were identified with a general Google 

search using the terms “university licenses”, “licenses from”, or “COMPANY licenses from 

university” where “COMPANY” was the name of a specific company of interest that was identified 

through other means. 

A preliminary analysis and review of cases revealed that there were no cases in which the private 

sector organization had more than 150 employees or members. Additional cases with this attribute 

were identified by searching the Electronic Data Gathering, Analysis, and Retrieval (EDGAR) 

database of the U.S. Securities and Exchange Commission. The keywords “license” and “university” 

were used as search terms. Candidates were screened based on the number of employees listed on 

their profile on Yahool! Finance, in their Form 10-K annual reports, or their Form 5500 Series3 return. 

For multiple case study research designs, the literature recommends that cases be selected with 

variation in the dependent (i.e., outcome) factor (see Kaarbo & Beasley, 1999). This presented a 

challenge. Demand-side private sector organizations do not make announcements about or publicize 

technologies that they decide not to pursue. Using other sources as the case sampling frame, such as 

U.S. Patent and Trademark Office databases or the National Science Foundation awards database, 

was not practical because the low incidence of technology transfer would require a very large number 

of potential cases to be reviewed to ensure that enough instances of university technology transfer 

were among the cases selected. Moreover, determining whether university technology transfer (as 

operationalized in the study) did or did not occur for any given case would have been a more 

laborious and uncertain process.  

To identify cases of the non-occurrence of university technology transfer, the technology transfer 

records of Saint Louis University were reviewed. Additionally, technology transfer practitioners from 

other U.S. universities were asked to provide up to three (3) cases of the  

non-occurrence of university technology transfer that satisfied the criteria to be included in the study.  

Case data were documented in case notes and used to determine each case’s membership within 

several condition sets believed to be causal for university technology transfer. As evidence was 

accumulated for each case from various sources, the factors were coded in accordance with the case 

 
3 The Form 5500 Series return is an annual report about employee benefits plans that is mandated by the federal 

government. It includes information about the number of participants in a company's employee benefit program 

which can be used as a proxy for the number of employees. The return is filed with the U.S. Department of Labor 

and accessible at https://www.efast.dol.gov/5500search (U.S. Dept. of Labor, n.d.). 
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coding guidelines. These data were summarized in a case data matrix (Table 4). Only one individual 

coded the cases to eliminate the potential for idiosyncratic variation. 

The collection of evidence and coding of cases was an iterative process. For each case identified 

and selected, additional content analysis of patent applications, allowed patents, technology 

summaries published by the universities, and other publicly available resources were conducted as 

necessary to collect the data required to code the maturity level of the technology in each case as well 

as the other conditions and attributes used in the analysis. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 January 2023                   doi:10.20944/preprints202301.0504.v1

https://doi.org/10.20944/preprints202301.0504.v1


 32 

 

Table 4. Case Data. 
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CID UNV ORG TEC INT LIF NLS CAS CXN CON DEC AWR DOD ERL EST SML FND FED INV LDO LUV MAT REL PFT ART DTE UTT

C01 Northwestern University 4.67 92.83 0 1 0 1 1 1 1 2019-05-24 2019-11-20 1 2019-01-02 1 1 1 1 1 1 7 1 1 1 2011-08-30 1

C02 University of California - San Diego 207.00 34.42 0 1 0 1 0 1 1 2019-03-15 2019-09-11 0 2001-12-17 1 0 0 0 1 1 9 1 1 1 2016-05-02 1

C03 Johns Hopkins University 53.78 33.66 0 1 0 1 1 0 1 2018-12-01 2019-05-30 1 2014-06-09 1 0 1 1 1 1 8 1 1 1 2016-02-11 1

C04 University of Mississippi 92.57 34.06 0 1 0 1 1 0 1 2018-11-30 2019-05-29 0 2011-03-16 1 0 0 0 1 1 5 0 1 1 2016-01-29 1

C05 Washington University in St. Louis 57.69 31.46 0 1 0 1 1 0 1 2018-09-12 2019-03-11 1 2013-11-22 1 0 1 1 1 1 7 1 1 1 2016-01-29 1

C06 Saint Louis University 455.00 11.74 0 1 1 1 0 1 0 2019-11-07 2020-09-22 0 1981-12-15 0 0 0 0 0 1 4 0 1 1 2018-11-15 0

C07 Saint Louis University 695.53 127.22 0 1 0 1 0 0 1 2018-11-11 2019-09-24 0 1960-12-07 0 0 0 0 0 1 5 0 1 0 2008-04-07 0

C08 University of Minnesota 162.03 67.06 0 0 1 1 0 1 1 2019-06-13 2019-12-10 0 2005-12-14 1 0 1 0 1 1 5 0 1 1 2013-11-11 1

C09 North Carolina State University 1,643.23 51.08 0 1 1 1 0 1 1 2019-02-05 2019-08-04 0 1882-03-28 0 0 1 0 0 1 5 0 1 1 2014-11-04 0

C10 North Carolina State University 870.68 1.31 0 0 1 1 0 1 0 2019-07-08 2020-01-04 0 1947-01-01 0 0 0 0 0 1 5 0 1 1 2019-05-29 0

C11 North Carolina State University 423.90 27.42 0 1 1 1 0 1 0 2019-07-19 2020-01-15 0 1984-03-29 0 0 0 0 0 1 5 0 1 1 2017-04-06 0

C12 State University of New York 0.00 66.96 0 0 1 1 0 1 1 2019-06-13 2019-12-10 1 2019-11-21 1 0 1 0 1 1 8 1 1 1 2014-04-24 1

C13 University of Maryland - Baltimore 0.30 23.27 0 1 0 1 1 0 1 2018-06-01 2019-12-04 1 2018-05-23 1 0 1 0 1 1 5 0 1 1 2016-06-23 1

C14 University of Memphis 12.72 47.96 0 0 1 1 0 1 1 2019-05-31 2019-11-27 1 2018-05-09 1 0 0 0 1 1 5 0 1 1 2015-06-02 1

C15 Harvard College 12.75 74.65 0 1 1 1 1 1 1 2019-06-01 2019-11-18 1 2018-05-09 1 1 1 1 1 1 5 0 1 1 2013-03-13 1

C16 Columbia University 124.69 36.29 0 1 0 1 0 0 1 2018-10-24 2019-04-22 0 2008-06-05 0 0 0 0 1 1 5 0 1 1 2015-10-16 1

C17 Columbia University 148.29 27.19 0 1 1 0 1 0 0 2002-12-21 2003-06-19 0 1990-08-15 1 1 1 1 1 1 8 1 1 1 2000-09-15 1

C18 Harvard Univesity 1,491.58 41.29 0 1 0 0 1 0 0 2015-09-23 2016-03-21 0 1891-07-01 0 0 0 0 1 1 6 1 1 1 2012-04-15 1

C19 University of Washington 203.02 203.02 0 1 0 0 0 0 0 2015-11-25 2015-11-25 0 1998-07-01 0 0 0 0 1 1 9 1 1 1 1998-07-01 1

C20 Rockefeller University 372.98 2.76 0 1 0 0 0 0 0 2020-08-07 2021-02-03 0 1989-07-15 0 0 0 0 1 1 7 1 1 1 2020-05-15 1

C21 University of Michigan 281.49 23.80 0 1 0 0 0 0 0 2013-12-07 2015-12-07 0 1990-06-28 0 0 1 1 0 1 6 1 1 1 2011-12-14 1

C22 Saint Louis University 228.73 21.60 0 1 0 1 0 1 1 2019-03-05 2019-05-20 0 2000-02-15 0 0 1 0 0 1 4 0 0 1 2017-05-17 1

Note.  Table created by author.
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Data Analysis 

The data set that was collected for the study did not contain a random sample of a population 

or universe of potential university technology transfer cases. Rather it contained a theoretically 

guided arbitrary sample of instances of potential university technology transfer occurring during a 

specified period of time for which an announcement was made by one or more parties involved or 

for which access to technology transfer records at universities could be obtained. Consequently, 

statistical inference methods were not appropriate for analyzing the data. Instead, logical inference 

methods were the appropriate tools for analyzing them.  

The study used qualitative comparative analysis (QCA) to analyze the case data. QCA is rooted 

in set theory. “The notion of sets and their relations is almost unavoidably invoked when forming 

concepts or when verbally formulating (causal) relations between social phenomena” (Schneider & 

Wagemann, 2012, p. 2-3). Set-theoretic methods facilitate an understanding of the physical and social 

world based on the configuration of conditions (Schneider & Wagemann). Sufficiency and necessity 

are the basis of the interpretation of set relations in set-theoretic methods (Schneider & Wagemann). 

Set-theoretic methods are also useful for capturing nuances of social science phenomena such as 

equifinality, conjunctural causation, and asymmetry of causation (Schneider & Wagemann). 

In using QCA to analyze the data, the study employed a different philosophical approach to 

examining social phenomena than that which underpins other comparative methods, traditional 

statistical inference methods, and common qualitative research approaches. QCA ascribes to the 

notion that focusing on isolated effects of variables under ceteris paribus conditions is unrealistic, 

phenomena are caused by various combinations of multiple conditions, and phenomena are subject 

to causal complexity which consists of conjunctural causality, equifinality, and asymmetry of 

causation for the occurrence and non-occurrence of outcomes (Schneider & Wageman, 2012; 

Thomann, 2021). 

Traditional methods of analysis are not particularly well-suited for analyzing phenomena 

subject to causal complexity. Traditional methods assume that there is one best path in the data for 

producing an outcome (Thomann, 2021). Techniques, such as multiple regression analysis (MRA), 

attempt to find the one path that best fits all the data. Evidence in the literature suggests that this may 

not be the case with university technology transfer. Many MRA-based studies of university 

technology transfer exhibit low R-squared (R2) and chi-squared (Χ2) values and more non-significant 

variables than significant ones (see e.g., Dolmans, Shane, Jankowski, Reymen, & Romme, 2016; 

González-Pernía, Kuechle, & Peña-Legazkue, 2013; Markman, Gianiodis, & Phan, 2009; Munteanu, 

2012; Wu, Welch, & Huang, 2015). This suggests that the phenomenon of university technology 

transfer is likely caused by a combination of conditions and that it is possible that there may be 

multiple combinations of conditions that lead to either the occurrence or non-occurrence of university 

technology transfer. Moreover, the conditions that tend to result in the non-occurrence of university 

technology transfer may not necessarily be the mirror opposite of the conditions that tend to produce 

the occurrence of university technology transfer. QCA is particularly well-suited to examine such 

phenomena. 

The R programming language in the RStudio integrated development environment (RStudio, 

2019) and R packages for QCA (Thiem, Baumgartner, Dusa, & Spoehel, 2018; Dusa, 2021) were used 

to perform the analysis. The study focused on four causal conditions and one outcome (see Table 5). 

The primary causal condition of interest was the relative maturity level of the technology (REL) – that 

is, whether 𝐿 > 𝐿0. 
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Table 5. Conditions in Model. 

 
 

Abbreviation Descriptive Name Description Data Type Value Range

CXN Connections Whether there were any significant social or professional connections 

between the creators of the technology and the organization that 

contemplated obtaining and assimilating the technology or between relevant 

decision makers at the private sector organization and the university where 

the technology was created.

Dichotomous 1 -Yes, 0 - No

ERL DemandOrg.Early Whether the organization that contemplated obtaining and assimilating the 

technology is an early-stage for-profit commercial enterprise.

Dichotomous 1 -Yes, 0 - No

REL Maturity.Relative Whether the maturity level of the technology is greater than the typical 

maturity level of technologies created by U.S. universities.

Dichotomous 1 -Yes, 0 - No

SML DemandOrg.Small Whether the organization that contemplated obtaining and assimilating the 

technology had 150 or fewer members at the time it began considering the 

technology.

Dichotomous 1 -Yes, 0 - No

UTT UnivTechTransfer Whether the case is an instance in which university technology transfer 

occurred.

Dichotomous 1 - Yes, 0 - No

Note.  Table created by author.
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To analyze the data, the study employed crisp-set QCA (csQCA), which is one of two main 

variants of QCA. To perform csQCA, data for each case was translated into a truth table. Cases were 

characterized as either members or non-members of the condition sets with membership scores of 

either 0 (complete non-member) or 1 (complete member).  

The analysis of the case data for the study began by organizing the data into a matrix (see Table 

4 above). Each row of the table constitutes a single case. The columns of the table represented the 

various factors and attributes of each case. The factors used in the analysis were converted into 

dichotomous conditions and each case was assigned a membership score in those conditions. Each 

intersection of row (case) and column (condition) in the table indicates whether the condition is 

present or not for the case.  

Next, the data matrix was converted into truth tables (Table 6). Converting the data matrix into 

a truth table entailed identifying all logically possible configurations of conditions, assigning each 

case to one of the truth table rows, and defining the outcome value for each truth table row (i.e., 

condition set). The truth table represents the total number of logically possible combinations of 

conditions, which is equal to ∏ 𝑣𝑖
𝑘
𝑖=0  where 𝑣𝑖 is the number of possible values of each condition 𝑐𝑖 

(Cronqvist & Berg-Schlosser, 2009). When all conditions are limited to only two possible mutually 

exclusive values, the product equation can be reduced to 2k, where k is the number of conditions 

(Cronqvist & Berg-Schlosser; Schneider & Wagemann, 2012). Consequently, the truth table for the 

analysis comprised 16 logically possible combinations of the 4 conditions. Each case could belong to 

only one truth table row; however, each truth table row could contain multiple cases (see Schneider 

& Wegemann). 

Table 6. Truth Tables for Qualitative Comparative Analysis. 

 

Occurrence of University Technology Transfer
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Config. 1 6, 7, 9, 10, 11, 16, 22 0 0 0 0 0 0 0 0 0 7 0.286

Config. 2 19, 20, 21 0 0 0 1 1 1 1 1 1 3 1.000

Config. 3 8 0 0 1 0 1 1 1 1 1 1 1.000

Config. 4 2 0 0 1 1 1 1 1 1 1 1 1.000

Config. 5 0 1 0 0 ? ? ? ? ? 0

Config. 6 0 1 0 1 ? ? ? ? ? 0

Config. 7 14 0 1 1 0 1 1 1 1 1 1 1.000

Config. 8 12 0 1 1 1 1 1 1 1 1 1 1.000

Config. 9 1 0 0 0 ? ? ? ? ? 0

Config. 10 18 1 0 0 1 1 1 1 1 1 1 1.000

Config. 11 4 1 0 1 0 1 1 1 1 1 1 1.000

Config. 12 1 0 1 1 ? ? ? ? ? 0

Config. 13 1 1 0 0 ? ? ? ? ? 0

Config. 14 1 1 0 1 ? ? ? ? ? 0

Config. 15 13, 15 1 1 1 0 1 1 1 1 1 2 1.000

Config. 16 1, 3, 5 1 1 1 1 1 1 1 1 1 3 1.000

(a)

Outcome

Conditions
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An evaluation of the outcome of the cases that fell into each truth table row was used to 

determine the outcome value for the truth table row. The raw consistency of each truth table row was 

used to determine the outcome value assigned to the row. A value of “1” in the outcome condition 

indicated either the occurrence or non-occurrence of university technology transfer, depending on 

which phenomenon was being analyzed. Impossible logical remainders were evaluated for removal 

from the analysis; however, none were found. 

Converting the case data into a truth table produced the sets of conditions that are necessary or 

sufficient for the outcome of interest, which is either the occurrence or non-occurrence of university 

technology transfer. This can be represented in its complex form by the Boolean expression: 

𝐶𝑜𝑛𝑑𝑡𝑖𝑜𝑛 𝑆𝑒𝑡 1 + 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 𝑆𝑒𝑡 2 + ⋯ 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 𝑆𝑒𝑡 𝑛 → 𝑂𝑢𝑡𝑐𝑜𝑚𝑒 

A condition set can be either necessary (or sufficient) for the outcome, not necessary (or not sufficient) 

for the outcome, or a logical remainder (i.e., condition sets for which there are no cases, indicated by 

a “?” in the truth tables).  

The truth tables were reviewed to identify true logical contradictions (TLCs), which are logically 

possible combinations that fail the criteria to be considered sufficient for both the occurrence and 

non-occurrence of the outcome of interest simultaneously. No TLCs were identified. Once the truth 

tables were compiled, the causal influence of each truth table row (i.e., condition set) could be 

determined.  

Non-Occurrence of University Technology Transfer
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Config. 1 6, 7, 9, 10, 11, 16, 22 0 0 0 0 0 0 0 1 1 7 0.714

Config. 2 19, 20, 21 0 0 0 1 0 0 0 0 0 3 0.000

Config. 3 8 0 0 1 0 0 0 0 0 0 1 0.000

Config. 4 2 0 0 1 1 0 0 0 0 0 1 0.000

Config. 5 0 1 0 0 ? ? ? ? ? 0

Config. 6 0 1 0 1 ? ? ? ? ? 0

Config. 7 14 0 1 1 0 0 0 0 0 0 1 0.000

Config. 8 12 0 1 1 1 0 0 0 0 0 1 0.000

Config. 9 1 0 0 0 ? ? ? ? ? 0

Config. 10 18 1 0 0 1 0 0 0 0 0 1 0.000

Config. 11 4 1 0 1 0 0 0 0 0 0 1 0.000

Config. 12 1 0 1 1 ? ? ? ? ? 0

Config. 13 1 1 0 0 ? ? ? ? ? 0

Config. 14 1 1 0 1 ? ? ? ? ? 0

Config. 15 13, 15 1 1 1 0 0 0 0 0 0 2 0.000

Config. 16 1, 3, 5 1 1 1 1 0 0 0 0 0 3 0.000

Note. Tables created by author.

(b)

Outcome

Conditions
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In accordance with QCA best practices, necessity was analyzed before sufficiency (see Schneider 

& Wagemann, 2012). Evaluating necessity before evaluating sufficiency avoids the problem of hidden 

necessary conditions and false necessary conditions (Schneider & Wagemann, 2012). Moreover, the 

occurrence and non-occurrence of university technology transfer were analyzed separately.  

The analysis of necessity focused only on those cases in which the outcome of interest was 

present. Necessity was evaluated by determining which conditions and disjunctions (logical “OR” 

combinations) were present in all cases. Consistency, coverage, and relevance of necessity (RoN) were 

the parameters of fit (POFs) used to evaluate necessity. Several benchmarks for consistency of 

necessity were used to accommodate the imprecise nature of social phenomena and social science 

research methods. Disjunctions were further evaluated to determine whether they were conceptually 

substantive.  

Once the evaluation of necessity was completed, sufficiency was analyzed. Sufficiency is a 

separate analytical consideration from necessity. One is not a byproduct of the other (Schneider & 

Wagemann, 2012). The process of analyzing sufficiency for the outcome of interest began by 

determining the conservative (i.e., most complex) solution, which assumes that logical remainders 

are not sufficient to produce the outcome of interest (i.e., either the occurrence or non-occurrence of 

university technology transfer). The logical remainders were removed from the analysis and the 

remaining condition sets were tested for sufficiency. The truth table was logically minimized to 

identify the sufficient paths for the outcome of interest.  

In QCA, different solutions are produced depending on the assumptions made about logical 

remainders that are present simply because there were no cases for the condition sets in the data 

although such condition sets could theoretically exist – what Schneider & Wagemann (2012) called 

clustered remainders. The parsimonious solution is determined by assuming that all logical 

remainders are sufficient to produce the outcome of interest. The intermediate solution also assumes 

that logical remainders are sufficient to produce the outcome of interest, but it also removes 

implausible and incoherent counterfactuals. The analysis did not identify any implausible or 

incoherent counterfactuals that required removal. Additionally, the intermediate solution takes into 

consideration the directional expectations of each condition’s contribution to the occurrence or non-

occurrence of the outcome of interest. For the analysis, the presence of the CXN condition was 

expected to contribute to the occurrence of university technology transfer. No other directional 

expectations were made regarding the other conditions.  

The truth tables for evaluating the occurrence of university technology transfer were not 

applicable for evaluating the non-occurrence of the outcome. The process started anew for each 

situation. Additionally, the analysis of sufficiency required accounting for the assumptions that were 

made in the analysis of necessity. It also required the evaluation of contradictory simplifying 

assumptions (CSAs) which occur when the same logical remainders are assumed to result in both the 

occurrence and non-occurrence of the outcome of interest. However, the analysis did not reveal any 

contradictory simplifying assumptions. 

Results and Findings 

The presentation of the results is arranged according to the phases of the study and the 

theoretical propositions examined to answer the research questions. This section begins by presenting 

the results of the first phase of the study, which sought to characterize the typical maturity level of 

university technologies. It then describes the case-level descriptive statistics to demonstrate the extent 

to which the cases selected for the analysis in the second phase of the study represented the same 

population. Next, the results of the qualitative comparative analysis (QCA) are presented. Although 

the data were used to analyze both the occurrence and non-occurrence of university technology 

transfer in accordance with QCA methodology, the presentation emphasizes the results for the 

occurrence of university technology transfer, which was the focus of the study. The results of the 

analysis of necessary conditions, conjunctions, and disjunctions are discussed. Following that, the 

results of the analysis for sufficient conditions, conjunctions, and disjunctions are covered. Finally, 

the robustness of the findings is briefly addressed. 
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Typical Maturity Level of University Technologies 

To characterize the typical maturity level of university technologies, the study used 

nonparametric statistical methods and measures of central tendency for the maturity level of the 

technologies described in the utility patent applications. Nonparametric statistical methods were 

used because the data sample violated assumptions for parametric statistical tests. Specifically, it is 

not known if the population of utility patent applications is normally distributed with regard to 

technology maturity level and there is no apparent theoretical basis to believe that it is. Moreover, 

the values of the primary variable of interest (i.e., technology maturity level) were measured on an 

ordinal scale rather than an interval or ratio measurement scale. 

Descriptive statistics about the maturity level and federal funding were calculated to 

characterize the typical maturity level of university technologies (Table 7). The median maturity level 

for the sample of technologies was determined to be a TRL-4 on the NASA technology readiness level 

(TRL) scale. The most frequent maturity level (i.e., mode) was also a TRL-4 on the NASA TRL scale. 

The minimum and maximum maturity levels were TRL-3 and TRL-6, respectively. The 80th 

percentile maturity level (i.e., the maturity level that was less than or equal to the maturity level of 

80 percent of the technologies in the sample) was a TRL-5.  

Table 7. Descriptive Statistics for the Typical Maturity Level of University Technologies. 

 
(a) 

 
(b) 

Statisitc TRL

Median maturity level 4

Median maturity level 95% CI lower limit 4

Median maturity level 95% CI upper limit 5

Mode maturity level 4

Maximum maturity level 6

Minimum maturity level 3

80th percentile maturity level 5

Measures of Central Tendency for Technology Maturity Level

Pct of technologies created with federal funding 50.0%

Pct of applications abandoned 13.3%

Pct of applications in which a patent was allowed 23.3%

Federal Funding and Patent Prosecution
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(c) 

 
(d) 

Note. Tables created by author 

Case Level Descriptive Statistics 

Data and information on 22 cases of potential university technology transfer (as operationalized 

in the study) were obtained and case attributes were coded in accordance with pre-defined coding 

guidelines. For all but three of the cases, the private sector organization began considering obtaining 

the technology in question between September 1, 2015 and November 30, 2019 (Figure 4a). In one 

case, the private sector organization began considering obtaining the technology in December of 2002. 

This case was removed from the analysis to minimize potential susceptibility to temporal-based 

confounding factors. Overall, the number of cases was about evenly split between those in which 

federal funding was used to create the technologies and those in which there was no federal funding 

used (Figure 4b). 

The case data were analyzed using qualitative comparative analysis. The model used for the 

analysis comprised four (4) conditions that were selected based on theoretical and empirical evidence 

found in the literature (see Table 5 above). For the 21 cases included in the analysis, bivariate bubble 

charts of UTT against CXN, ERL, REL, and SML show the distribution of cases relative to each 

condition (Figure 4c–f). There were cases that exhibited three of the four possible condition 

Crosstabulation Counts

No Yes Total

3 2 1 3

4 7 6 13

5 5 7 12

6 1 1 2
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Crosstabulation Percentages

No Yes Total

3 66.7% 33.3% 10%

4 53.8% 46.2% 65%

5 41.7% 58.3% 40%

6 50.0% 50.0% 10%

50.0% 50.0% 100%
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combinations for each pair. There were no cases represented in the study in which CXN, ERL, REL, 

or SML was present and UTT did not occur. This did not affect the analysis of necessity. Cases in 

which a condition is present, but the outcome does not occur are not directly relevant to the 

determination of the necessity (see e.g., Oana, Schneider, & Thomann, 2021, pp. 66-67). Moreover, the 

absence of such cases is consistent with the sufficiency (pp. 88-89). 

 
(a) 

 
(b) 
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Case Distribution of UTT Against CXN 

 
(c) 

Case Distribution of UTT Against ERL 

 

(d) 

Case Distribution of UTT Against REL 

 
(e) 
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Case Distribution of UTT Against SML 

 
(f) 

Note. Figures (a) and (b) created by author. 

Figure 4. Case Distribution by Attributes. 

Necessity for the Occurrence of University Technology Transfer 

The necessity of each individual condition (both their presence and absence) for the occurrence 

of UTT was examined using a minimum consistency (inclusion cutoff) that ranged from 1.0 to 0.55 

(Table 8). Consistency, coverage, and relevance of necessity (RoN) parameters of fit (POFs) for each 

individual condition were calculated (Table 9a). If condition (or condition set) X is necessary for 

outcome Y, then it is a superset of outcome Y; however, if condition (or condition set) X is sufficient 

for outcome Y, then it is a subset of outcome Y (see Schneider & Wagemann, 2012).  

Table 8. Benchmarks for Absolute and Quasi Necessity and Sufficiency. 

 

The maximum consistency POF for any individual condition was 0.625. Four (4) conditions 

exhibited a consistency POF of at least 0.55. These included the presence of the conditions REL and 

SML and the absence of conditions CXN and ERL (i.e., ~CXN and ~ERL). The coverage POF for both 

REL and SML was 1.0 and the RoN POF for each was 0.571 and 0.524, respectively. The coverage and 

RoN POFs for both ~CXN and ~ERL were 0.643 and 0.333, respectively.  

The necessity of conditions and disjunctions of conditions (both their presence and absence) for 

the occurrence of UTT was examined using a minimum consistency that ranged from 1.0 to 0.55. 

Consistency, proportional reduction of inconsistency (PRI), and raw coverage POFs for each 

condition and disjunction were calculated (Table 10). The raw coverage was above 0.70 for many of 

the conjunctions and disjunctions. However, none of them were substantively relevant because they 

were not indicative of higher-order constructs. 

Level

Minimum 

Consistency Interpretation

1 1.00 Always necessary or sufficient (i.e., absolute necessity or sufficiency)

2 0.90 Almost always necessary or sufficient

3 0.80 Typically necessary or sufficient

4 0.65 Frequently necessary or sufficent

5 0.55 More often than not is necessary or sufficient

Note.  Table created by author.
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Table 9. Necessity of Individual Conditions. 

 
 

Necessity of Individual Conditions for the Occurrence of the Outcome (UTT)

Relevance of

Condition Consistency Level 1 Level 2 Level 3 Level 4 Level 5 Coverage Necessity

CXN 0.43750 1.00000 1.00000 0.99975 0.97714 0.87590 1.00000 0.66667

ERL 0.43750 1.00000 1.00000 0.99975 0.97714 0.87590 1.00000 0.66667

REL 0.56250 1.00000 0.99994 0.99300 0.84059 0.56290 1.00000 0.57143

SML 0.62500 1.00000 0.99950 0.97334 0.68815 0.36603 1.00000 0.52381

~CXN 0.56250 1.00000 0.99994 0.99300 0.84059 0.56290 0.64286 0.33333

~ERL 0.56250 1.00000 0.99994 0.99300 0.84059 0.56290 0.64286 0.33333

~REL 0.43750 1.00000 1.00000 0.99975 0.97714 0.87590 0.58333 0.42857

~SML 0.37500 1.00000 1.00000 0.99997 0.99380 0.95138 0.54545 0.47619

* ≤ 0.001     ** ≤ 0.01     *** ≤ 0.05

Necessity of Individual Conditions for the Non-occurrence of the Outcome (~UTT)

Relevance of

Condition Consistency Level 1 Level 2 Level 3 Level 4 Level 5 Coverage Necessity

CXN 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.00000 0.66667

ERL 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.00000 0.66667

REL 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.00000 0.57143

SML 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.00000 0.52381

~CXN 1.00000 1.00000 0.59049 0.32768 0.11603 0.05033 0.35714 0.33333

~ERL 1.00000 1.00000 0.59049 0.32768 0.11603 0.05033 0.35714 0.33333

~REL 1.00000 1.00000 0.59049 0.32768 0.11603 0.05033 0.41667 0.42857

~SML 1.00000 1.00000 0.59049 0.32768 0.11603 0.05033 0.45455 0.47619

* ≤ 0.001     ** ≤ 0.01     *** ≤ 0.05

Note.  Tables created by author

P Values

P Values

(a)

(b)
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Table 10. Necessity of Conditions and Disjunctions for the Occurrence of UTT. 

 
  

Minimum Consistency Consistency PRI Raw Coverage

~ERL+SML 1.000 1.000 0.762

~CXN+SML+REL 1.000 1.000 0.762

~CXN+ERL+~SML+~REL 1.000 1.000 0.762

~ERL+SML 1.000 1.000 0.762

~CXN+SML 0.938 0.938 0.750

ERL+~SML+~REL 0.938 0.938 0.750

~CXN+ERL+~REL 0.938 0.938 0.750

~CXN+ERL+REL 0.938 0.938 0.750

~CXN+ERL+~SML 0.938 0.938 0.750

CXN+~ERL+~REL 0.938 0.938 0.750

CXN+~ERL+REL 0.938 0.938 0.750

CXN+ERL+~SML+REL 0.938 0.938 0.750

SML+REL 0.875 0.875 1.000

~ERL+REL 0.813 0.813 0.722

~ERL+SML 1.000 1.000 0.762

ERL+~SML 0.813 0.813 0.722

~CXN+REL 0.813 0.813 0.722

~CXN+SML 0.938 0.938 0.750

~CXN+ERL 0.875 0.875 0.737

CXN+~ERL 0.875 0.875 0.737

~CXN+~SML+~REL 0.813 0.813 0.722

~CXN+~ERL+~REL 0.813 0.813 0.722

CXN+~SML+~REL 0.875 0.875 0.737

CXN+~SML+REL 0.875 0.875 0.737

CXN+SML+~REL 0.813 0.813 0.722

CXN+ERL+REL 0.813 0.813 1.000

Solutions

1.00

0.90

0.80
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Table 10. Cont. 

 

Sufficiency for the Occurrence of University Technology Transfer 

The sufficiency of each individual condition (both their presence and absence) for the occurrence 

of UTT was examined using minimum consistencies that ranged from 1.0 to 0.55. Consistency and 

coverage POFs for each individual condition were calculated (Table 11a). The consistency POF value 

was 1.0 for the presence of each individual condition. The highest consistency POF value for the 

absence of any individual condition was 0.643. However, the highest coverage POF value for the 

presence or absence of any individual condition was 0.625. The p-values were all less than 0.05 for 

the consistency POF values for the presence of each individual condition only at minimum 

consistencies of 0.65 and 0.55. 

The sufficiency of conditions and disjunctions of conditions (both their presence and absence) 

for the occurrence of UTT were examined using minimum consistency benchmarks ranging from 1.0 

to 0.55. Conservative, parsimonious, and intermediate solutions were determined for each 

consistency benchmark (Table 12). All solutions exhibited consistency POF values of 1.0 and coverage 

POF values of 0.875.  

Minimum Consistency Consistency PRI Raw Coverage

~SML+~REL 0.688 0.688 0.688

~SML+REL 0.688 0.688 0.688

SML+~REL 0.750 0.750 0.706

SML+REL 0.875 0.875 1.000

~ERL+~REL 0.750 0.750 0.706

~ERL+REL 0.813 0.813 0.722

~ERL+SML 1.000 1.000 0.762

ERL+~REL 0.688 0.688 0.688

ERL+REL 0.750 0.750 1.000

ERL+~SML 0.813 0.813 0.722

~CXN+~REL 0.750 0.750 0.705

~CXN+REL 0.813 0.813 0.722

~CXN+SML 0.938 0.938 0.750

~CXN+~ERL 0.688 0.688 0.688

~CXN+ERL 0.875 0.875 0.737

CXN+~REL 0.688 0.688 0.688

CXN+REL 0.750 0.750 1.000

CXN+~SML 0.750 0.750 0.706

CXN+SML 0.688 0.688 1.000

CXN+~ERL 0.875 0.875 0.737

REL 0.563 1.000 1.000

SML 0.625 1.000 1.000

~ERL 0.563 0.643 0.643

~CXN 0.563 0.643 0.643

~SML+~REL 0.688 0.688 0.688

ERL+~REL 0.688 0.688 0.688

ERL+~SML 0.813 0.813 0.722

CXN+~REL 0.688 0.688 0.688

CXN+~SML 0.750 0.750 0.706

CXN+ERL 0.563 0.563 1.000

Note.  Table created by author

0.55

Solutions

0.65
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Table 11. Sufficiency of Individual Conditions. 

 

Sufficiency of Individual Conditions for the Occurrence of the Outcome (UTT)

Condition Consistency Level 1 Level 2 Level 3 Level 4 Level 5 Coverage

CXN 1.00000 1.00000 0.47830 0.20972 0.04902 *** 0.01522 *** 0.43750

ERL 1.00000 1.00000 0.47830 0.20972 0.04902 *** 0.01522 *** 0.43750

REL 1.00000 1.00000 0.38742 0.13422 0.02071 *** 0.00461 ** 0.56250

SML 1.00000 1.00000 0.34868 0.10737 0.01346 *** 0.00253 ** 0.62500

~CXN 0.64286 1.00000 0.99853 0.95615 0.64051 0.33732 0.56250

~ERL 0.64286 1.00000 0.99853 0.95615 0.64051 0.33732 0.56250

~REL 0.58333 1.00000 0.99946 0.98059 0.78726 0.52693 0.43750

~SML 0.54545 1.00000 0.99970 0.98835 0.85132 0.63312 0.37500

* ≤ 0.001     ** ≤ 0.01     *** ≤ 0.05

Sufficiency of Individual Conditions for the Non-occurrence of the Outcome (~UTT)

Condition Consistency Level 1 Level 2 Level 3 Level 4 Level 5 Coverage

CXN 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.00000

ERL 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.00000

REL 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.00000

SML 0.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.00000

~CXN 0.35714 1.00000 1.00000 0.99995 0.99396 0.95738 1.00000

~ERL 0.35714 1.00000 1.00000 0.99995 0.99396 0.95738 1.00000

~REL 0.41667 1.00000 1.00000 0.99942 0.97449 0.88826 1.00000

~SML 0.45455 1.00000 0.99998 0.99803 0.94986 0.82620 1.00000

* ≤ 0.001     ** ≤ 0.01     *** ≤ 0.05

Note.  Tables created by author

P Values

P Values

(a)

(b)
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Table 12. Sufficiency Solutions for the Occurrence of UTT. 

 
  

Minimum Consistency Consistency Coverage

M1: (ERL*SML) + (SML*~REL) + (~ERL*~SML*REL) + (~CXN*~ERL*REL) => UTT 1.000 0.875

M2: (ERL*SML) + (SML*~REL) + (~ERL*~SML*REL) + (~CXN*SML) => UTT 1.000 0.875

M1: (ERL*SML )+ (SML*~REL) + (~ERL*~SML*REL) + (~CXN*~ERL*REL) => UTT 1.000 0.875

M2: (ERL*SML) + (SML*~REL) + (~ERL*~SML*REL) + (~CXN*SML) => UTT 1.000 0.875

M1: (ERL*SML) + (SML*~REL) + (~ERL*~SML*REL) + (~CXN*~ERL*REL) <=> UTT 1.000 0.875

M2: (ERL*SML) + (SML*~REL) + (~ERL*~SML*REL) + (~CXN*SML) <=> UTT 1.000 0.875

M1: (ERL*SML) + (SML*~REL) + (~ERL*~SML*REL) + (~CXN*~ERL*REL) <=> UTT 1.000 0.875

M2: (ERL*SML) + (SML*~REL) + (~ERL*~SML*REL) + (~CXN*SML) <=> UTT 1.000 0.875

M1: (ERL*SML) + (SML*~REL) + (~ERL*~SML*REL) + (~CXN*~ERL*REL) <=> UTT 1.000 0.875

M2: (ERL*SML) + (SML*~REL) + (~ERL*~SML*REL) + (~CXN*SML) <=> UTT 1.000 0.875

Conservative Solutions

1.00

0.90

0.80

0.65

0.55
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Table 12. Cont. 

 
  

Minimum Consistency Consistency Coverage

M1: REL + SML => UTT 1.000 0.875

M1: REL + SML => UTT 1.000 0.875

M1: REL + SML <=> UTT 1.000 0.875

M1: REL + SML <=> UTT 1.000 0.875

M1: REL + SML <=> UTT 1.000 0.875

Parsimonious Solutions

1.00

0.90

0.80

0.65

0.55
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Table 12. Cont. 

 
 

Minimum Consistency Consistency Coverage

M1: SML + (~ERL*REL) => UTT 1.000 0.875

M1: SML + (~ERL*REL) => UTT 1.000 0.875

M1: SML + (~ERL*REL) <=> UTT 1.000 0.875

M1: SML + (~ERL*REL) <=> UTT 1.000 0.875

M1:  SML + (~ERL*REL) <=> UTT 1.000 0.875

Note.  Table created by author

Intermediate Solutions

1.00

0.90

0.80

0.65

0.55
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There was model ambiguity in the calculation of the conservative solution. Two models each 

comprising four conjunctive disjunctions represented the data equally well:  

M1cnsv: ERL*SML + SML*~REL + ~ERL*~SML*REL + ~CXN*~ERL*REL => UTT 

M2 cnsv: ERL*SML + SML*~REL + ~ERL*~SML*REL + ~CXN*SML => UTT 

Both models were stable over the range of minimum consistency benchmarks used in the analysis 

although at the minimum consistency benchmarks of 0.80, 0.65, and 0.55 the solution shifted from 

being sufficient to being necessary and sufficient. The two models differed only in one of the four 

conjunctive disjunctions. 

The calculation of the parsimonious solution resulted in a single solution that was stable over 

the range of minimum consistency benchmarks used in the analysis. The parsimonious solution was 

as follows: 

Mparse: REL + SML => UTT  

Under the assumptions of the parsimonious solution calculation, the presence of either the REL 

condition or the SML condition was sufficient for the occurrence of UTT. Again, the model shifted 

from sufficient to necessary and sufficient at the 0.80, 0.65, and 0.55 minimum consistency 

benchmarks. 

The calculation of the intermediate solution also produced a single solution that was stable over 

the range of minimum consistency benchmarks used in the analysis. The calculation of the 

intermediate solution ensured that statements about necessity were not contradicted, and no 

implausible or incoherent counterfactuals were included in the analysis. Additionally, it accounted 

for possible contradictory simplifying assumptions (CSAs). It also incorporated directional 

expectations regarding the CXN condition, whose presence was expected to contribute to the 

occurrence of UTT according to theory and empirical analyses found in the literature. This produced 

the following solution: 

Mint: SML + ~ERL*REL => UTT  

As with the conservative and parsimonious solutions, the intermediate solution shifted from 

sufficient to necessary and sufficient at the 0.80, 0.65, and 0.55 minimum necessity benchmarks.  

Robustness of Findings 

The study findings were robust. Although the solutions were stable only when the frequency 

cut-off threshold was fixed at a level of one case, they were insensitive to the range of raw consistency 

benchmarks. There was no change in the solution formula over the range of raw consistency 

benchmarks and the parameters of fit were stable. 

Discussion 

The preceding section presented the results of the data analysis. This section aims to interpret 

those results. It presents the major findings and discusses conclusions drawn from those findings. 

Next, the implications for public policy and the practice of university technology transfer are 

discussed as well as recommendations for future research. The section concludes with a synthesis 

that represents the essential aspects and breadth of what the research study has attempted.  

Table 13 summarizes the conclusions drawn from the analysis results. The study provided either 

support or qualified support for four of the six theoretical propositions.  
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Table 13. Summary of Findings and Conclusions. 

 
  

Theoretical Proposition Study Findings Basis of Conclusion

Prop1:     L  > L 0  is a necessary and sufficient 

                  condition alone for UTT.

Did Not Support Consistency of Necessity REL = 0.5625     Consistency of Sufficiency REL = 1.0000

Coverage of Necessity REL = 1.0000          Coverage of Sufficiency REL = 0.5625

Relevance of Necessity REL = 0.5714

Prop2:     L  > L 0  is a necessary but not 

                  sufficient condition for UTT.

Did Not Support Consistency of Necessity REL = 0.5625

Coverage of Necessity REL = 1.0000

Relevance of Necessity REL = 0.5715

REL  not a component of all conjunctions in any given solution for sufficiency.

Prop3:     L  > L 0  is a sufficient but not 

                  necessary condition for UTT.

Qualified Support Mparse: REL  + SML  => UTT
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Table 13. Cont. 

 
 

Theoretical Proposition Study Findings Basis of Conclusion

Prop4:     L  > L 0  is a necessary part of at 

                  least one configuration of causal 

                  conditions that are sufficient 

                  for UTT.

Supported M1cnsv: (ERL *SML ) + (SML *~REL ) + (~ERL *~SML *REL ) + (~CXN*~ERL *REL ) => UTT

M2cnsv: (ERL*SML ) + (SML*~REL ) + (~ERL *~SML *REL ) + (~CXN *SML ) => UTT

Mparse: REL  + SML  => UTT

Mint: SML  + (~ERL *REL ) => UTT

Prop5:     L  > L 0  is necessary for UTT  when 

                  Y  > 5 years.

Qualified Support M1cnsv: (ERL *SML ) + (SML *~REL ) + (~ERL *~SML *REL ) + (~CXN*~ERL *REL ) => UTT

M2cnsv: (ERL*SML ) + (SML*~REL ) + (~ERL *~SML *REL ) + (~CXN *SML ) => UTT

Mint: SML  + (~ERL *REL ) => UTT

Prop6:     L  > L 0  is necessary for UTT  when 

                  P  ≥ 151 people.

Qualified Support M1cnsv: (ERL *SML ) + (SML *~REL ) + (~ERL *~SML *REL ) + (~CXN *~ERL *REL ) => UTT

M2cnsv: (ERL*SML ) + (SML*~REL ) + (~ERL *~SML *REL ) + (~CXN *SML ) => UTT

Note.  Table created by author.
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Theoretical Proposition 1 

The study findings did not support the theoretical proposition that L > L0 is a necessary and 

sufficient condition alone for UTT. If and only if this proposition were true, the analysis would have 

produced the following solution: 

M: REL <=> UTT  

However, the analysis produced no such result. Moreover, the superset criteria would have been 

exhibited by a consistency of necessity POF value for the occurrence of UTT and a consistency of 

necessity POF value for the non-occurrence of UTT equal to or greater than 0.80 with a coverage of 

necessity POF value between 0.70 and 0.90 and a relevance of necessity (RoN) POF value equal to or 

greater than 0.80. The necessity POFs for the condition REL alone were all below these benchmarks. 

Thus, one can logically infer that L > L0 alone is not a necessary and sufficient condition for the 

occurrence of university technology transfer. The condition REL would have been a superset of the 

instances of UTT indicating that REL must be present for UTT to occur and absent when UTT does 

not occur. Simultaneously, the presence of REL in and of itself would have been sufficient for UTT.  

Theoretical Proposition 2 

The study findings did not support the theoretical proposition that L > L0 is a necessary but not 

sufficient condition for UTT. If this proposition were true, the REL condition would have been a 

superset of the instances of UTT indicating that the REL condition must be present  

for UTT to occur and absent when UTT does not occur. As described above, the REL condition 

did not satisfy the consistency of necessity POF benchmarks. Additionally, the REL condition would 

have been a component of all conjunctions sufficient for UTT. This was not the case. The study 

findings demonstrated that L > L0 was not a necessary but insufficient condition for the occurrence 

of university technology transfer as operationalized in the study.  

Theoretical Proposition 3 

The study findings provided qualified support for the theoretical proposition that L > L0 is a 

sufficient but not necessary condition for UTT. Only one of the models was consistent with this 

theoretical proposition. The derivation of the parsimonious solution, which assumes that logical 

remainders are sufficient for UTT, produced the following solution: 

Mparse: REL + SML => UTT  

This solution indicates that either L > L0 or P < 151 people are each alone sufficient, but not necessary, 

for UTT. When one condition is present the other is condition is not necessary for UTT. Although L 

> L0 is sufficient for UTT under the assumptions of the parsimonious solution, it is not necessary if 

the condition P < 151 people is satisfied. 

Theoretical Proposition 4 

The study findings did support the theoretical proposition that L > L0 is a necessary part of at 

least one configuration of causal conditions that is sufficient for UTT. All models were consistent with 

this theoretical proposition. The conservative solution for sufficiency was indicative of causal 

complexity but also exhibited model ambiguity. It assumed that logical remainders are not sufficient 

conditions for UTT. The analysis produced the following two conservative solutions: 

M1cnsv: ERL*SML + SML*~REL + ~ERL*~SML*REL + ~CXN*~ERL*REL => UTT 

M2cnsv: ERL*SML + SML*~REL + ~ERL*~SML*REL + ~CXN*SML => UTT 

Each model contained four (4) conjunctions. The first three conjunctions of both models were the 

same and the REL condition was a necessary part of one of those conjunctions. The third conjunction 
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indicated that L > L0 in combination with P ≥ 151 people and Y > 5 years is sufficient for the occurrence 

of university technology transfer.  

The fourth conjunction of the conservative solution differed between the two models. In one of 

the models, the REL condition in combination with the absence of both the CXN and ERL conditions 

is sufficient for the UTT to occur. This indicated that L > L0 in combination with  

Y > 5 years and there not being any relevant social or professional connections between the private 

sector organization and the university is sufficient for the occurrence of university technology 

transfer. 

The parsimonious solution was also consistent with the theoretical proposition that  

L > L0 is a necessary part of at least one configuration of causal conditions that is sufficient for UTT. 

As explained above, the parsimonious solution assumes that logical remainders are sufficient for the 

occurrence of university technology transfer. The analysis produced the following parsimonious 

solution: 

Mparse: REL + SML => UTT  

The REL condition is sufficient for UTT to occur, but it is not necessary. UTT can still occur when the 

REL condition is not present if the SML condition is satisfied. 

The intermediate solution also supported the proposition that L > L0 is a necessary part of at 

least one conjunction that is sufficient for UTT. It too was indicative of causal complexity. When 

considering the directional expectation of the presence of relevant social or professional connections 

between the private sector organization and the university to contribute to the occurrence of 

university technology transfer, the analysis produced the following solution: 

Mint: SML + ~ERL*REL => UTT  

The intermediate solution indicated that L > L0 in combination with Y > 5 years is sufficient for UTT. 

However, this conjunction is not necessary for the occurrence of university technology transfer 

because of causal complexity. 

Theoretical Proposition 5 

The analysis provided qualified support for the theoretical proposition that L > L0 is a necessary 

condition for UTT when Y > 5 years. Three of the four models were consistent with this theoretical 

proposition. The conservative solution, which assumed that none of the logical remainders are 

sufficient for UTT, contained two conjunctions that supported this proposition. Although there was 

model ambiguity in the conservative solution, both models contained the following conjunction: 

~ERL*~SML*REL  

Additionally, one of the conservation solution models also contained the following conjunction: 

 ~CXN*~ERL*REL  

These conjunctions suggest that L > L0 is a necessary condition for UTT in cases where Y > 5 years 

but only when either P ≥ 151 people or when there are also no relevant social or professional 

connections between the private sector organization and the university.  

The intermediate solution, which assumed that logical remainders are sufficient for UTT and 

that the presence of the CXN condition contributes to UTT, contained the conjunction: 

~ERL*REL  

As explained above, this conjunction suggests that L > L0 is a necessary condition for UTT in cases 

where Y > 5 years and that no other conditions are necessary. 

Theoretical Proposition 6 

The analysis provided qualified support for the theoretical proposition that L > L0 is necessary 

for UTT when P ≥ 151 people. This was the case only when logical remainders were assumed not to 
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be sufficient for UTT. As explained above, the conservative solution contained the following 

conjunction in both models across all minimum consistency levels used in the analysis: 

~ERL*~SML*REL  

This conjunction indicates that L > L0 is a necessary condition for the UTT in cases where  

P ≥ 151 people and Y > 5 years. 

Implications for Policy and Practice 

These study findings have implications for the design of public policy and the practice of 

university technology transfer. They suggest that it would be prudent for policymakers to rethink the 

supposition that it is the responsibility of the private sector to mature technologies. The issue seems 

to be more nuanced. Economic and social factors seem to disincentivize private sector actors from 

pursuing technologies with maturity levels below a certain point. 

The incidence of university technology transfer may be significantly increased if the government 

takes this into consideration in its research funding mechanisms and practices. Providing sufficient 

funding that enables university researchers to mature technologies to at least a TRL-6 on the NASA 

technology readiness level scale might significantly increase the chances for technologies to be 

transferred to the private sector and increase the overall incidence of university technology transfer. 

This does not necessarily require increasing the aggregate amount of federal funding allocated 

to university researchers. Instead, the federal government could split its allocation of university 

research and development funding by technology maturity level. The government could specifically 

reserve a portion of its funding to be directed to support the maturation of technologies to at least a 

TRL-6 maturity level. That is, maturation to TRL-6 would be a technical objective of the grant. Such 

a scheme can be implemented at the policy subsystem level through the regulations mechanism. For 

example, the scheme could be incorporated into the Small Business Innovation Research (SBIR) and 

Small Business Technology Transfer Research (STTR) programs. Moreover, it could be implemented 

in an incremental manner, which would likely be politically expedient and more palatable to key 

stakeholders since the change would be more gradual. 

The federal government may also be able to implement policy that mitigates the economic and 

social factors that disincentivize private sector organizations from pursuing less mature technologies. 

According to basic economic theory, taxing a good tends to result in less of the good being produced 

while subsidizing a good tends to result in the production of more of the good than what would 

ordinarily occur (see e.g., Musgrave, 1959; Stiglitz & Rosengard, 2015). Subsidies may be a viable 

mechanism for encouraging more university technology transfer. There is already precedent for such 

an approach as it relates to research and development. Under Section 41 of the U.S. Internal Revenue 

Code, companies may receive a tax credit for research and development costs (Economic Recovery 

Tax Act of 1981, 26 U.S.C § 41, Pub.L. 97-34). A similar scheme could be created to provide a tax credit 

to companies that license low maturity level technologies derived from federally funded research 

provided that they advance the technologies to some minimum maturity level or introduce a market 

offering in which the technology is a core element. This might make lower maturity level technologies 

created at U.S. universities more appealing to private sector organizations. However, such an 

approach might encounter resistance from coalitions that perceive such policies as a form of 

“corporate welfare.” 

Federal public policy could also be aimed at altering the behavior of universities and other 

organizations to encourage them to develop technologies to higher maturity levels. For example, it 

might be possible to use the patent regulations to encourage such behavior. Utility, or usefulness, is 

one of the criteria for obtaining a patent under U.S. patent law. However, the term remains very 

ambiguous in the laws and regulations. This could be leveraged to encourage university researchers 

and others who seek patents to mature technologies further. Demonstrating that an invention has 

been developed to at least the equivalent of a TRL-6 on the NASA technology readiness level scale 

could be specified as a criterion for establishing utility. Moreover, this is something that could be 

implemented at the policy subsystem level through the rules and regulations. For example, from 1790 
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to 1870, the United States required patent applicants to submit three-dimensional representations of 

inventions called “patent models” to demonstrate utility (Dood, 1983; Ireland, 2009). Although the 

practice has since been discontinued, under current law the Commissioner of Patents may still require 

a model if he or she deems it necessary (Dood, 1983; United States Patent and Trademark Office, 2022, 

p. R-119). It might be feasible to require patent applicants to submit models that demonstrate some 

specified minimum technology maturity level (e.g., TRL-6) as a means of satisfying the utility 

criterion, which is necessary to receive a patent. The use of computer-based three-dimensional 

modeling would eliminate the need for physical space to store the models. 

University administrators may also find it beneficial to incorporate technology maturity level 

into their decision-making processes for awarding internal funding to research projects and when 

deciding whether to pursue intellectual property protection for any given technology and its transfer 

to the private sector. Universities may be able to significantly increase the proportion of technologies 

created at their institutions that are transferred to the private sector by linking financial support for 

research projects to technology maturation milestones.  

However, there are cultural factors that pose challenges to implementing such a change. 

Academic freedom is a sacred tenet of university culture. It generally enables university faculty to 

research and teach without undue or unreasonable institutional interference or restraint (Reichman, 

2019). Promotion and tenure decisions at universities are heavily influenced by publication success 

which places pressure on researchers to publish when technologies are less mature (Yeung, 2019). 

Academic culture still values basic research more than applied research (Bently, Gulbrandsen, & 

Kyvik, 2015). University faculty will likely resist attempts to push them to pursue research that will 

produce higher maturity level technologies if they perceive it as an assault on academic freedom or 

emphasizing applied research at the expense of basic research or if they consider the tactics used to 

be heavy-handed. 

University administrators may be able to sidestep such potential pushback from faculty by 

framing these efforts in terms of the university’s responsibility to prepare students to succeed. The 

vast majority of doctoral candidates in the so-called STEM4 disciplines will not obtain positions in 

academia (Carey, 2020; Carron, 2013). Instead, their career paths will take them to the private sector. 

One can argue that universities have a legal, ethical, and moral obligation to provide the best 

preparation possible to help these students achieve success. Creating opportunities that enable them 

to hone their skills by conducting research that aims to mature technologies would do just that. 

Additionally, university technology transfer practitioners may find benefit in limiting the 

pursuit of intellectual property protection and commercialization efforts to technologies that have 

been matured to, or stand a reasonable chance of being matured to, the equivalent of at least a TRL-

6 on the NASA technology readiness level scale. The budgets of technology transfer offices at 

universities are likely insufficient to pursue patent prosecution for all technologies that are disclosed 

to them. Consequently, university technology transfer staff must triage the disclosures. Using 

technology maturity level as one of the criteria in this triage process is one possible approach. These 

may be particularly helpful strategies for universities in which faculty have limited social and 

professional connections with private sector organizations that would be the logical prospects for 

technologies derived from the research being conducted at their institutions.  

Finally, there has been discussion about including technology transfer activity into faculty 

tenure and promotion decisions (see e.g., Genshaft, Wickert, Gray-Little, Hanson, Marchase, Schiffer, 

& Tanner, 2016; Sanberg, Gharib, Harker, Kaler, Marchase, Sands, Arshadi, & Sarkar, 2014; Stevens, 

Johnson, & Sanberg, 2011). However, such efforts could decrease the incidence of university 

technology transfer depending on how they are implemented. Patent activity is often identified as an 

important metric that should be considered in tenure and promotion decisions. But there is usually a 

finite window for faculty to pursue tenure. Moreover, it is not unheard of for patent prosecution 

taking up to 3 years or more. These factors would likely cause faculty to push for patenting of their 

technologies earlier in the development process when the technologies are less mature and have less 

of a chance of being successfully transferred to the private sector. This might be less of an issue for 

 
4 STEM is an acronym for science, technology, engineering, and mathematics. 
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promotion decisions. But even in those scenarios, it would still be more advantageous for faculty to 

push for patenting of their technologies earlier rather than later. 

Study Limitations 

As with all research, this study has limitations. There are limitations and challenges with 

applying QCA in multiple case study research designs. Avoiding subjectivity in the analysis is a 

significant challenge because the cases, conditions, and attributes selected have a strong impact on 

the research results and conclusions drawn about causal relations (Sehring, Korhonen-Kurki, & 

Brockhaus, 2013). Careful consideration of each of these elements is required. Also, only a limited 

number of factors can be included in QCA to keep the analysis and interpretation of results 

manageable. This tends to limit the variety of cases that can be included in QCA. While this provides 

for a better comparison of cases, it limits the generalizability of the results (Sehring, Korhonen-Kurki, 

& Brockhaus). This also makes QCA susceptible to the effects of limited empirical diversity.  

In an ideal analysis, all possible combinations of conditions, except for those that are physically 

impossible, would be represented in the sample of cases. This is generally not the situation given the 

nature of social phenomena, the constraints for conducting research studies, and the limitations 

regarding the number of cases that can be included in QCA. This restricts the validity of inferences 

drawn from QCA (Sehring, Korhonen-Kurki, & Brockhaus).  

The binary approach of crisp-set QCA (csQCA) may be limited in its representativeness of the 

phenomena of university technology transfer and the associated constructs used in the study. Many 

social phenomena are appropriately conceptualized in binary terms but manifest in terms of degrees 

(Schneider & Wagemann, 2012). Consequently, the study is more revealing of differences in kind 

rather than differences in degree. Many proponents of csQCA would argue this is more interesting 

and more explanatory (Sehring, Korhonen-Kurki, & Brockhaus, 2013). However, applying fuzzy-set 

QCA (fsQCA) might produce more nuanced insights. 

The operationalization of the relevant social or professional connections condition (CXN) is 

another limitation. The study used publicly available information to code this condition. However, 

not all such connections are revealed in public manners. It is possible that relevant social or 

professional connections existed for a case that was coded as a non-member of this condition set. 

Whether such a scenario for one or more cases would significantly impact the results of the analysis 

is not known. 

Finally, although the study design emphasized the perspective of demand-side actors in 

university technology transfer, it did not explicitly examine demand-side technology transfer 

decision-makers as subjects or the decision-making process. One must infer that the action of 

pursuing and executing a license for a given technology was preceded by a decision by the members 

of the demand-side organization to obtain and assimilate the technology based on the premise that 

every action taken on behalf of an organization is coupled with at least one decision.  

Recommendations for Future Research 

There are several opportunities to improve and extend this study. For example, using fuzzy-set 

QCA (fsQCA) to analyze the cases could be fruitful. This approach might be more representative of 

the phenomenon and conditions and could produce more nuanced insights about differences in 

degree.  

There is also the possibility of increasing the number of cases in the analysis. Doing so might 

mitigate the issue of limited diversity. This could include specifically searching for and sampling 

cases in which one or more of the conditions used in the study are absent, but university technology 

transfer occurred. One could also search for cases with the attributes of logical remainders.  

The study used an adaptation of the NASA technology readiness level scale to measure 

technology maturity level. This scale lacks a certain degree of precision and does not fully capture 

the multidimensional nature of technology maturity level. Using an improved instrument for 

measuring technology maturity level in the study might reveal important and useful nuances about 
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the relationship between technology maturity level and the occurrence or non-occurrence of 

university technology transfer.  

The operationalization of the relevant social or professional connections condition (CXN) could 

be improved. In addition to reviewing publicly available information, one could also interview the 

relevant individuals involved in the case to uncover such connections that may not be revealed in 

publicly available sources. However, such an approach will likely require an Institutional Review 

Board (IRB) submission because the questions will need to delve into information about human 

subjects. 

Incorporating a temporal aspect into the analysis might be worthwhile. The study primarily 

focused on cases that occurred during a narrow five-year window. Replicating the study with data 

from different timeframes or adding a temporal condition would help ascertain whether the results 

of the study are temporally stable. 

Examining other conditions not included in the study might also prove worthwhile. For 

example, the literature gives reason to believe that there might be an interplay between technology 

maturity level and the absorptive capacity of the private sector organization considering the 

technology. Alternatively, the relevant social or professional connections condition (CXN) used in 

the study could be disaggregated to focus on specific kinds of connections. Additionally, the presence 

of the CXN condition was not a necessary part of any configuration of causal conditions in the 

solution models. This is a rather interesting result given what was found in the literature and 

probably warrants further investigation. The presence or absence of federal funding might also 

influence whether a given technology is transferred to the private sector or not. However, there is 

also the question of whether the presence or absence of federal funding determines the maturity level 

that a technology attains or whether the maturity level determines whether federal funding is 

successfully obtained. 

Although this study focused on the demand-side perspective of university technology transfer, 

it might be worthwhile to incorporate relevant supply-side factors. For example, one might argue 

that whether a university has the financial resources to enable the research necessary to mature 

technologies is an important consideration. This could be incorporated as a causal condition, but its 

operationalization might be challenging. While the amount of research expenditures for a university 

might appeal to some as a way to operationalize this condition, it would likely be inadequate and 

problematic. The amount of funding required to sufficiently mature a technology will vary by 

technology. Additionally, even if the university appears to have available funding in aggregate, it 

does not necessarily mean that the technologies created will be more mature because the funding 

mechanism might restrict the nature of the projects to  

so-called “basic research.” Moreover, even if the university has access to less restricted funding 

sources over which it has more discretion, it does not necessarily mean that any given technology 

would receive funding to facilitate its maturation.  

A related consideration is whether there are any relevant relationships with national laboratories 

or industry-university consortia (e.g., industry-university cooperative research centers) for a given 

case. Such relationships might provide universities with access to the financial resources to mature 

technologies enough to warrant the interest of private sector organizations. Relationships with 

industry-university consortia might be particularly relevant because industry partners tend to have 

significant input in selecting technology development projects and establishing development 

objectives. 

A closer examination of causation is another potential line of research. The study demonstrated 

causal conditions for the occurrence of university technology transfer. However, various mechanisms 

could link these causal conditions to the outcome. A more specific exploration of the causal 

mechanisms operating under these causal conditions might also produce valuable and useful insights 

that could advance university technology policy and practice.  

A more thorough examination of the non-occurrence of university technology transfer also 

presents an opportunity to extend this study. Although the results presented focused on the 

occurrence of university technology transfer, the non-occurrence of university technology transfer 
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was analyzed. However, the results of the study did not produce solutions of sufficiency for the non-

occurrence of university technology transfer at the more stringent consistency benchmarks. This 

lends further credence to the notion that the phenomenon of university technology transfer is subject 

to casual complexity. Understanding the conditions that are necessary or sufficient for resulting in 

the non-occurrence of university technology transfer (i.e., conditions that impede the occurrence of 

university technology transfer) would significantly inform public policy and professional practice. It 

is often easier to design and implement policy that constrains an outcome than to design and 

implement policy that enables an outcome (Ragin, 2000, p. 203-204). However, constraining the non-

occurrence of university technology transfer will not be sufficient in and of itself to enable the 

occurrence of university technology transfer because of causal complexity. 

Finally, the role of technology maturity level as a potential casual condition in university 

technology transfer to the public sector is another gap that this study did not address. Different 

motivations drive activity in the private sector and the public sector. It is unlikely that the causal 

conditions that tend to produce university technology transfer to the private sector are the exact same 

as those that tend to result in technology transfer to the public sector. Specifically, technology 

maturity level likely plays a different role in technology transfer to the public sector than what the 

findings of this study suggest is its influence on university technology transfer to the private sector. 

Conclusions 

This study extends the work of previous researchers in the areas of technology maturity level 

and university technology transfer. The aim of the study was to answer two primary research 

questions. First, how can the incidence of university technology transfer to the private sector in the 

United States be increased? Second, how does the maturity level of a university technology influence 

whether the technology is successfully transferred to the private sector? 

The study findings suggest that university technology transfer is subject to causal complexity. 

The conditions that tend to produce the occurrence of university technology transfer are not simply 

mirror images of the conditions that tend to impede the occurrence of university technology transfer. 

Consequently, the incidence of university technology transfer in the United States can be increased 

by understanding which conditions are conducive to its occurrence and which tend to impede its 

occurrence. This will allow policymakers and practitioners to implement public policy and practices 

that promote the former and prevent the latter.  

Regarding technology maturity level, the study findings suggest that a maturity level equivalent 

to at least a TRL-6 on the NASA technology readiness level scale is most likely an insufficient but 

necessary part of one or more unnecessary but sufficient configuration of conditions that tends to 

result in the occurrence of university technology transfer. However, under certain circumstances, a 

technology maturity level of at least TRL-6 alone could be sufficient but unnecessary for the 

occurrence of university technology transfer. Therefore, it may be possible to increase the incidence 

of university technology transfer in the United States by implementing public policy and practices 

that incentivize university researchers to mature technologies to at least the equivalent of TRL-6 on 

the NASA technology readiness level scale. However, there are also options to incentive private 

sector organizations to obtain and assimilate lower maturity level technologies created at U.S. 

universities. 

Finally, this study makes important contributions to technology transfer research methodology. 

It demonstrated the feasibility and viability of using configurational comparative methods to 

examine university technology transfer. This enables further exploration of causal complexity in this 

social phenomenon and raises the possibility of new and useful insights. Additionally, the study 

demonstrated practical alternative operationalizations of technology and university technology 

transfer. It also showed the viability of using alternatives to AUTM data for conducting research. 

These contributions expand the possibilities for future lines of research on the topic of university 

technology transfer. . 
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