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Introduction

How well science and industry are interconnected and how scientific knowledge can feed into
technology development is nowadays recognized as crucial for the innovative performance,
growth and competitiveness of nations (Freeman, 1987; Jaffe, 1989; Nelson, 1993).
Corporations are increasingly employing open innovation strategies (Laursen & Salter, 2006)
and have been increasingly interested in leveraging public science as an external knowledge
source for their technological development (Cockburn & Henderson, 1996; Gambardella;
Mansfield, 1998). From the science side, universities and public research organizations have
been called upon to engage more actively and directly in knowledge transfer activities and to
add entrepreneurial objectives to their missions (Branscomb, Kodama, & Florida, 1999;
Etzkowitz & Leydesdorff, 2000; Geuna & Muscio, 2009).

Although many important examples can be given where science was important for initiating
new technological applications, there is also widespread perception that most science rarely
pays off in generating practical applications (Gittelman & Kogut, 2003). Research still has to
uncover which kinds of science and which mechanisms/processes generate more and more
effective links between science and industry. Most of the literature on industry-science-links
takes the firms as the starting point and examines which firms benefit from linking to science
and how (Cassiman, Veugelers, & Zuniga, 2008; Fleming & Sorenson, 2004). Much less
developed is the literature taking the science as the starting point and examining which
science is most likely to be used in technological development. This latter approach can
reveal characteristics of scientific outputs which are in particular relevant for technological
innovation and thus add to our understanding of the interplay between science and
technology.

In this contribution, we take the science perspective of links between science and technology
and aim to identify the scientific contribution which is most likely to be referenced as prior art
by patented inventions. When examining characteristics of the science, we are particularly
interested in novel research, because of its high gain/high risk profile. Breakthrough science
often requires novel approaches, which often faces a higher level of uncertainty. Wang,
Veugelers, and Stephan (2017) find that novel scientific publications, identified as those

! Financial support from KU Leuven (GOA/12/003) and FWO (G.0825.12 and a postdoctoral fellowship) is
gratefully acknowledged. Publication data are sourced from Clarivate Analytics Web of Science Core Collection
and patent data from EPO Worldwide Patent Statistical Database - October 2013.
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making new combinations of prior knowledge, are more likely to eventually become top cited
papers but are also more risky, as reflected in a larger dispersion in their citation distribution.
Novel publications also encounter difficulties in getting published in journals with higher
Impact Factor and display a delayed recognition in their citation accumulation process.
Furthermore, novel publications are highly cited in foreign field but not in their own field.

In addition to the special characteristics of scientific impact for novel research, it is important
to study the characteristics of technological impact for novel research. This paper draws on
all the Clarivate Analytics Web of Science (WoS) Science Citation Index Expanded (SCIE)
journal articles published in 2001 and all the patents in PATSTAT version October 2013. We
find that novel scientific articles are significantly more likely to have a technological impact
than non-novel publications. Conditional on being cited by patents, novel publication do not
display a delayed patent citation process. Furthermore, the technological impact of novel
science is significantly unprecedented, reaching more technology fields and new fields
previously non-impacted. Finally, novel science is also significantly more likely to lead to
technological inventions which are themselves novel.

Data and method

The publication dataset consists of all research articles in SCIE published in 2001, and there
are in total 982093 observations. The patent dataset is the ECOOM cleaned EPO, USPTO
and WIPO patents of the PATSTAT 201310 version. Non-patent-references in patents are
matched to individual publications in WoS, using the algorithm developed by ECOOM (Julie
Callaert, Grouwels, & Van Looy, 2012; J. Callaert et al., 2014; Magerman, Van Looy, &
Song, 2010).

The focal explanatory variable is scientific novelty. Following Wang et al. (2017), we
measure the novelty of a scientific publication as the number of new journal pairs in its
references, weighted by the cosine similarity between the newly-paired journals:

Novelty = z (1-cos;;)
Ji—Jj pairis new

As the distribution of the novelty measure is highly skewed, we use a categorical novelty
variable NOV CAT: (1) non-novel, if a paper has no new journal combinations, (2)
moderately novel, if a paper makes at least one new combination but has a novelty score
lower than the top 1% of its WoS subject category, and (3) highly novel, if a paper has a
novelty score among the top 1% of its WoS subject category.

Prior literature observes that highly cited publications are also more likely to be referenced in
patents (Ahmadpoor & Jones, 2017; Hicks, Breitzman, Hamilton, & Narin, 2000), so we
control for the number of citations received from scientific publications. We also control for
the Impact Factor of the journal in which the focal publication appears. Scientific field (i.e.,
WoS subject category) fixed effects are incorporated to account for field differences. Because
of the coverage bias and differences in citation behavior across patent offices, we add three
geographic dummies: whether a papers has a (1) US, (2) EPO member state, or (3) Japanese
affiliation. To further account for the differences between patent offices, we check the
robustness of our results using only USPTO or EPO patent data. In addition, we control for
the number of references of the scientific publication and the number of authors, which are
found to be correlated with both novelty and impact.
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Table 1. Scientific novelty and patent citations.

(A) (B) ©) (D) (E) (F) (G) (H) @

Directly Indirect Yearsof #citing #citing Citedin Citedby Citedby Cited by

cited by citedby timelag patents IPC6s new novel novel novel
patent patent IPC6 patent patent patent
(sci) (tech) (comb)

Probit Probit OLS Poisson  Poisson  Probit Probit Probit Probit

NOV CAT2  0.1057" 0.062™" -0.082"  0.009 0.012°  0.098™ 0.0957" 0.0417 0.070™"
(0.006)  (0.005)  (0.026) (0.017) (0.007) (0.017) (0.016) (0.014) (0.019)

NOV CAT3  0.192"" 0.116™"  -0.105  0.079°  0.0317 0228 0.148™ 0.086"  0.096

(0.017)  (0.015) (0.071) (0.044) (0.017) (0.043) (0.040) (0.038) (0.049)
Patent 0.594™" 0383 0481"" 0.664™" 0.4617""
citations (In) (0.003)  (0.007) (0.006) (0.006) (0.007)
N 921193 922141 103378 103378 103289 103282 98752 98757 98668

(Pseudo) R? 0.174 0.320 0.036 0.093 0.364 0.157 0.133 0.180 0.157
" p<.001, ™ p<.01, " p<.05, * p<.10. All regressions incorporate the complete set of control variables: Journal
Impact Factor (In), number of scientific citations (In), number of co-authors (In), whether internationally co-
authored, number of references (In), whether have US affiliations, whether have EPO member state affiliations,
whether have Japanese affiliations, and WoS subject category dummies. Robust standard errors in parentheses.
Data sourced from Clarivate Analytics Web of Science Core Collection and EPO Worldwide Patent Statistical
Database - October 2013.

Results

The descriptive statistics give some first indications that novel papers are more likely to have
a technological impact than non-novel papers, especially the set of highly novel papers: on
average about 10% of the scientific publications in our sample are cited by patents up until
2013, this probability is 16% for highly novel publications (NOV CAT3) and 13% for
moderately novel publications (NOV CAT2).

Table 1 reports all the regression results, which are further visualized in Figure 1, where
estimates are for an average publication in different novelty categories. Table 1 Column (A)
estimates the likelihood of being cited by patents using a Probit model, and the result
confirms that novel publications have a higher chance of being cited by patents. The
premium for novel science on technological impact is sizeable: calculated at the mean level of
all other variables, the probability of being cited by patents is 43% higher for highly novel
publications and 22% higher for moderately novel publications, compared with non-novel
publications with all else equal. Column (B) additionally investigates the indirect impact, that
is, whether a publication is cited by patents indirectly, through another publication. The
probability of being indirectly cited by patents is 15% higher for highly novel publications
and 8% higher for moderately novel publications, compared with comparable non-novel ones.

In the next step, we scrutinize the characteristics of technological impact, restricting the
analysis to the set of publications that are cited by patents. One characteristic of the
technological impact that we study is the time lag, where the dependent variable is the
difference between the publication year of the scientific article and the application year of the
first patent citing the focal scientific article. The result reported in Column (C) shows that the
technological impact of novel papers does not face any delay compared with non-novel
papers. On the contrary, moderately novel papers take significantly less time to receive their
first patent citation than non-novel papers. This contrasts with the results found on the time to
scientific impact (Wang et al., 2017), where novel papers display a delayed recognition in
scientific citations.
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Figure 1: Scientific novelty and patent citations.
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Column (D) analyzes the intensity of technological impact, that is, the number of patent
citations or the number of patents citing the focal publication. Highly novel publications
receive approximately 8% more patent citations than non-novel ones, while there is no
significant difference between moderately novel and non-novel publications.

We further examine whether the impact of novel science reaches a broader set of
technological domains. We measure the scope of technological impact by the number of IPC
groups (6-digit level) in which the scientific publications are cited. Column (E) shows that
novel scientific publications are cited in a larger number of technological fields, compared
with non-novel publications with the same value in all the control variables and additionally
with the same number of patent citations. The technological impact scope premium for novel
science is however only weakly significant (10% level) and small in size: 3% higher for
highly novel and 1% higher for moderately novel publications.
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Column (F) examines whether the technological impact of scientific publications reaches new
technological areas, i.e., technological areas that have never cited the scientific field of the
focal publication before. The result suggests that novel scientific publications are more likely
to have impact in new technological areas than non-novel publications with the same number
of patent citations. This premium for novel science is substantial: highly novel publications
have a 52% higher probability to be cited in new technology areas, and moderately novel
publications have a 20% higher chance, compared with comparable non-novel publications.

Finally, we test whether novel science leads to novel inventions. Following Verhoeven,
Bakker, and Veugelers (2016), we identify three types of novel patents: (1) novelty in
scientific knowledge origins, (2) novelty in technological knowledge origins, and (3) novelty
in recombination. Results in column (G)-(1) show that novel publications are more likely to
be referenced as prior art by patents that have themselves novelty features. First, in line with
the finding in column (F), novel publications are more likely to be cited by patents with new
scientific knowledge origins: highly novel publications are 27% more likely, and moderately
novel publications 17%, to be cited by such patents than comparable non-novel publications
(Column G). The advantage for novel science to lead to novel patents in terms of new
technological knowledge origins is also significant but smaller: highly novel publications are
12%, and moderately novel publications 6%, more likely to be cited by novel patents with
new technological knowledge origin, compared with comparable non-novel publications
(Column H). Furthermore, novel science is significantly more likely to be referenced by
patents that make themselves new combinations of knowledge components as proxied by the
combination of technology classes they cover: highly novel patents are 21%, and moderately
novel publications 15%, more likely to be cited by novel patents with new combinations
(Column I). Thus, novel research is more important as sources for novel inventions.

For robustness checks, we replicate regressions in Column (E) and (F) using IPC subclasses
(4-digit level) instead of IPC groups (6-digit level) and obtained robust results. We also run
all the regressions (1) using USPTO data only and (2) using EPO data only, results are
consistent. In addition, we separated physical sciences and life sciences and observed robust
results for both fields.

Conclusion

Drawing on 2001 SCIE journal articles and patents in PATSTAT v201310, we study the
relationship between scientific novelty and technological impact, tracing technological impact
through patent citations. We find that a handful of novel scientific publications are
significantly more likely to have direct and indirect technological impact, in particular the top
1% highly novel scientific publications. Conditional on being directly cited by patents, novel
publications do not display a delayed citation process in technological impact, different from
their scientific impact. There is a significant but small association between scientific novelty
and the intensity of technological impact. More importantly, novel science has a broader
technological impact, covering more diverse technological fields and reaching technology
fields previously not impacted by the scientific fields of the focal publications. We also found
that novel science is more likely to lead to novel inventions.

It is widely accepted that novelty is important for science because of its irreplaceable role in
advancing the scientific frontier, and this paper provides further empirical evidence that novel
science also has greater technological impact. As there is an increasing pressure on science to
be economically and socially relevant, our findings suggest that scientific novelty should be
encouraged not only for the sake of scientific progress but also for its greater scope for
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technological impact, particularly its impact on new areas of technology impact and impact on
more novel technology inventions. Therefore, any bias in the current science system against
novelty will not only imperil scientific progress but also hinder technological development.

However, any discussion of policy implications should await further robustness checks on the
results. Further characteristics of the novel science need to be scrutinized, for example, its
interdisciplinary nature, or whether it is starting a new emerging field. In addition, the
technology that uses novel science needs to be further examined. Future research should also
investigate how the links between novel science and technology inventions play out
differently compared with non-novel science: are institutional links, inventor-author personal
links, and geographic proximity more important for bring novel science to patented
inventions? These are but a few of the many interesting further research questions brought
about by this contribution.
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