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Study Goal

● We develop a measure of the commercial potential of academic science 

to advance understanding of its commercial impact. 
○ Academic science: Findings, discoveries, methods, etc. reflected in publications in 11 fields of the 

natural and applied sciences and engineering

● Why bother?

○ Identifying what academic science has commercial potential is an 

important first step toward understanding the factors affecting its 

production, as well as its commercial application.
■ Premise: Only a small share of academic science is commercializable (too abstract, 

embryonic, or irrelevant).

■ Consider translation 

● Ignoring commercial potential leads to conflating factors that may affect 

the production of commercializable science with those affecting the 

process of commercialization given commercializable science in hand.



Adding to the state of the art

● Understood by many that we cannot rely on ex post measures such as 

forward citations in patents to study the determinants of the 

commercialization of academic science.

● With the application of sophisticated econometric techniques 

controlling for unobserved commercial potential, some prior work has 

identified frictions (e.g., location, gender) affecting the commercial 

application of science.

● But those techniques, while mitigating possible bias, cannot address 

important questions such as:

○ What attributes of scientists, institutions or regions lead to the 

production of commercializable research?

○ How much commercializable science goes undeveloped (“the realization 

gap”)?

● For such questions, you need a measure of the “unobservable” 

commercial potential of academic science 
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Commercial potential?

● Our measure is intended to reflect:
○ The probability that a firm believes that a scientific article can 

contribute to the development of a marketable product or process

● Measure of commercialization (i.e., the realization of 

commercialization potential)
○ The citing of a scientific article in a patent that is subsequently 

renewed.

● How do we measure “commercial potential”
○ An estimated probability that an article will be cited in a renewed 

patent.



How do we construct the measure?

● We use large language models, derived by fine-tuning SciBERT, for 

the purpose of classification 
○ SciBert: A machine learning, embedding model used for natural language 

processing tailored to the scientific literature.

● Exercise in pattern recognition
○ Our models are “trained” by comparing the texts of the abstracts of scientific articles 

cited in renewed patents (i.e., “commercialized”) to those not cited. 

● These comparisons create models that estimate an ex ante (i.e., 

forward-looking), scalable measure of commercial potential (i.e., a 

probability) for any scientific article.

● This enables us to make predictions about the commercializability

of any article, including the most recent.



Data and training
● To train the models, we randomly draw 420,000 articles from a 

sample of 3.54 million, and use data on 522,000 patents, spanning 

the sample period, 1986 through 2015.
○ Article data (Dimensions): Title, abstracts, journal, author information, field.

○ Patent data (USPTO): Application date, renewal status, paper citations

● Trained 21 models, to make predictions for papers published in each 

year, 2000 through 2020

● For training, for each of the 21 years, we used 20,000 articles 

randomly drawn from our sample.  

○ Training on more than 20,000 articles did not improve accuracy.

○ Only 4.93% of articles are cited in a renewed patent.

● We trained each model on papers, over a ten year period, from t-14 

to t-5 to predict commercialization in each focal year, t, 2000-2020.



Rolling window: t-14 to t-5 (Papers) // t-1 (Cites/Renewals) t

Published Scientific 
Articles

Random draw of scientific articles (20k/model)

Not cited by patent before t 
and not renewed by t.

Commercially non-valuable 
articles

Cited by renewed 
patent (before t)

Commercially 
valuable articles

Train ML Model Predict

Predict (papers) Train (papers/cites)

2000 1986-1995/1999

… …

2010 1996-2005/2009

2020 2006-2015/2019

Rolling predictions:



Model accuracy (Holdout sample):  AUROC ~ .74 // 
Accuracy ~ .74



External validation I



Does our model predict progression through the 
commercialization process of a major research university’s 
TTO? 

● Data: Detailed proprietary data on invention disclosures and outcomes from a TTO at 

a leading research university 

a. Disclosures; investment; patenting, agreements,licensing activity; revenue, 

startup

● We matched invention disclosures to their underlying scientific articles 

● Resulting set:

a. Of 96k pubs, 13,445 publications from 2,717 researchers were matched to 2,728 

inventions (median publications per invention: 2)

paper pub_year compot invention disclosure_year …

High-Strength Hydrogel Attachment 

through Nanofibrous Reinforcement

2020 .9105211 inv_1 2020 …

Bromide Causes Facet-Selective Atomic 

Addition in Gold Nanorod Syntheses

2020 .8657654 inv_1 2020 …



Progression through one university Technology Transfer 
Office’s (TTO) commercialization process

● We have a measure of commercial potential 
○ φit = probability that a scientific article will be cited by a renewed 

patent [0,1] 

● Probability of citation by a renewed patent is a scalable proxy

but not the actual thing we want to predict.

● So, how well does the measure predict actual TTO commercial 

milestones, for 2000-2020 papers?
○ Invention disclosure 

○ Investment by TTO

○ Patenting by the TTO

○ Agreements with firms

○ Licensing

○ Revenue

Two notes:

○ Φit -> Predicted with only data 

before t 

○ Not trained on any of these 

outcomes: only patent citations & 

renewals.



Invention disclosures to the TTO? 5x increase in 
disclosures moving from 1st to 4th quartile of  CP 
measure

Variance explained more than 
doubles with addition of the CP 
measure.



Progression across milestones: Disclosure, TTO 
investment, patents, agreements, licenses, revenue 
(Note: paper level analysis)

CP measure predicts all outcomes, until we condition on…



The TTO investment decision: Comparing cols. 1-4 
versus cols. 5-8 show commercial potential is 
captured by the investment decision

Note: This is now an invention-level analysis



External Validation II



Commercial potential and its realization at 126 
major U.S. research Institutions

● Data: >5 million articles, published 2000-2020, from 126 

commercially active (per AUTM survey) R1 U.S. research 

universities spanning eleven academic fields.

● Of these, ~ 386,000 cited in a renewed patent

● How well does our measure explain which of these articles 

are commercialized (i.e., cited in a renewed patent)?



Academic science commercialization

Cols. 1=>2: Variance explained increases by ~40%, over and above the 126 university dummies and 
210 field-year dummies.  
Cols. 3=>4: Variance explained increases by ~20%, despite addition of numerous proxies for 
commercial impact.



From validation to application=>
Illustrative applications of the measure

1. Privatization of academic science and the diffusion of 

academic science across firms

2. How does a university’s reputation for 

commercializable science impact  

commercialization?



Application #1: 

Privatization



Does the privatization of academic science dampen the 
diffusion of knowledge across firms?

● Col. (8) shows that the number of firms citing patented academic science is 38% greater 
than the number citing comparably commercializable unpatented science.

● Why?—For future research.



Application #2: 

Reputation



Reputation and the commercialization of a 
school’s research

● We explore the impact of universities’ reputations for 

commercializing their science as a determinant of differences 

in commercialization rates across universities.

● Challenge
○ If we find differences across universities associated with their 

reputation, are such differences due to:

■ A superior ability to simply produce commercializable science?

■ Reputation per se?

● Our measure allows us to control for the production that may 

account for the reputation, thus isolating the effect of 

reputation.



Effect of production and reputation on 
commercialization of a university’s research



Interpretation

● Controlling for the production of commercializable

research, reputation matters for commercialization.

● But reputation only matters for high commercial 

potential science.
○ In other words, if MIT produces highly commercializable research, 

that research is more likely to be commercialized than comparably 

commercializable science from another, less prominent university 

● => Commercializable research from universities with 

less of a track record is more likely to be overlooked 

by firms, to the detriment of firms and society.



Reputation only matters for high commercial 
potential science.



Conclusion

● Using machine learning and large language models, we developed and 

validated a measure of the commercial potential of academic science.

● Potential uses are many, including exploring questions such as:

○ What are the determinants of the production of commercializable

academic science?

○ What are the frictions inhibiting the translation of academic science?

○ How large is the “realization gap”?

● Such a measure can also support practitioners’ efforts to identify science 

that offers commercial opportunities

● Limitations

○ Measurement error: Room for improvement

○ Reliance on patent data
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