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Abstract

This paper examines the citation impact of papers published in scientific-scholarly jour-
nals upon patentable technology, as reflected in examiner- or inventor-given references in
granted patents. It analyses data created by SCImago Research Group, linking PATSTAT’s
scientific non-patent references (SNPRs) to source documents indexed in Scopus. The fre-
quency of patent citations to journal papers is calculated per discipline, year, institutional
sector, journal subject category, and for “top” journals. PATSTAT/Scopus-based statistics
are compared to those derived from Web of Science/USPTO linkage. A detailed assess-
ment is presented of the technological impact of research publications in social sciences
and humanities (SSH). Several subject fields perform well in terms of the number of cita-
tions from patents, especially Library and Information Science, Language and Linguistics,
Education, and Law, but many of the most cited journals find themselves in the interface
between SSH and biomedical or natural sciences. Analyses of the titles of citing patents
and cited papers are presented that shed light upon the cognitive content of patent citations.
It is proposed to develop more advanced indicators of citation impact of papers upon pat-
ents, and ways to combine citation counts with citation content and context analysis.
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Introduction
Citation analysis and the science-technology interface

The relationships between science and technology constitutes one of the most important
topics in quantitative science and technology studies. Citation analysis is one of the key
methodologies that are used to study these relationships. Figure 1 presents a schematic
overview of the application of citation analysis in the study of the science-technology inter-
face. At the science side, citations in scientific articles to other scientific papers are used
to analyse the cognitive structure of science, collaboration and knowledge flows among
authors, and to assess the contribution scientific entities such as individual scholars, groups
and departments made to scientific progress.

At the technology side, citations from one patent to another provide partial indications
of the economic, technical or strategic value of patents, and of knowledge flows and col-
laboration networks among inventors. Citations in the scientific literature to patents mark
the influence of patents in their role of scientific publications upon the scientific literature.
Finally, citations given in patents to the scientific literature are used to study the influ-
ence of scientific-scholarly work upon technological development. It is this perspective that
plays a key role in the current paper.

Brief literature review on the analysis of scientific non-patent references in patents

van Raan (2017) gives an excellent overview of main developments in the use of patent
citations to the scientific literature, starting with the work of Francis Narin and co- work-
ers who explored measures of the “science intensity” of technological fields. They showed
already in the 1990s how major inventions patented by industrial firms at the US Patent
Office depend upon publicly funded basic research (e.g., Narin et al. 1997). Van Raan used
the acronym SNPRs to indicate Scientific Non-Patent References in patents. He concluded
that “only a small minority of about 3—4% of publications covered by the Web of Science
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Fig. 1 Citation links in the science-technology interface
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or Scopus are cited by patents. However, for publications based on university-industry col-
laboration the number of SNPRs is considerably higher, namely around 15%” (Van Raan
2017, p. 13). The studies discussed by Van Raan are based on the analysis of non-patent
references in USPTO (US Patent and Trademark Office), linked with the Web of Science or
its predecessors (mainly the Science Citation Index).

Several studies revealed that not only the distribution of SNPRs on the “cited side”
among target WoS papers is skewed, but also, on the “citing side”, the distribution of
SNPRs among source patents. Of course, these manifestations of skewness of citations on
the citing and cited side have also been observed in the citation analysis of scientific papers
(e.g., Price 1965), but the skewness is for patent-to-paper citations much stronger than it is
for paper-to-paper citations. Other studies observed a national patent citation bias: patents
submitted by applicants from a particular country showed a preference for citing research
papers by authors located in the same country. Other papers found a positive correlation
between a country’s technological performance on the one hand, and its scientific strength
on the other, and provided evidence that in emerging fields of technology the number of
SNPRs in patents is higher than it is in other fields (Van Looy et al. 2006).

In his review, Van Raan underlined that the number of SNPRs in patents, and the prob-
ability that a scientific publication may be used as an SNPR, depends on a series of fac-
tors, including the stage of development of a technological field; the distribution of SNPRs
among inventors and examiners; characteristics of the patent office and the applicant firms;
and differences in the economic value of patents. He concluded that “SNPRs indeed form
a bridge between science and technology, but more in a broader sense, i.e. at a macro-level
such as the “science intensity” of technological fields or the science-technology interac-
tion at the level of countries” (Van Raan 2017, p. 22). Defining the time lag between a
scientific breakthrough and an invention as “the time lapse between the publication year of
a paper and the year this paper is cited in a patent”, Van Raan pointed out that large differ-
ences appear to exist in time lags between technological fields. He also underlined that “the
SNPRs may represent important recent scientific research but this research on its turn may
be based on even more important, earlier breakthrough work, not cited in the patent but
perhaps cited in the SNPRs.”

Measuring the technological impact of scientific-scholarly subject fields

At the technology side, in the analysis of linkages between patent citations and scientific-
scholarly papers, measures are calculated of the science intensity, science base or science
linkage of (patentable) technology. Francis Narin and co-workers defined science linkage
as “a measure of the extent to which a company’s technology builds upon cutting edge sci-
entific research. It is calculated on the basis of the average number of references on a com-
pany’s patents to scientific papers, as distinct from references to previous patents. Com-
panies whose patents cite a large number of scientific papers are assumed to be working
closely with the latest scientific developments” (Narin et al. 2004).

From the science side, patent citations can be used to calculate indicators of the techno-
logical impact of scientific-scholarly work. Such indicators aim to capture the extra-scien-
tific or ‘societal’ impact of research. For instance, Halevi and Moed (2012) examined the
impact of research published in library science journals upon technology as reflected in
SNPRs, using the LexisNexis product TotalPatent™ (TotalPatent, n.d.) linked with Sco-
pus. A good overview of methodological approaches to statistical patent analysis is given
in Hinze and Schmoch (2004).
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Aim of the paper and research questions

The aim of the first part of this paper is to give a comprehensive overview of the frequency
at which patents processed in PATSTAT cite Scopus source articles. The research ques-
tions addressed in the first part are as follows.

e What is the percentage of journal papers cited in patents and the average number of
patent citations per journal paper in the various scientific-scholarly disciplines?

e How does the frequency of patent-to-paper citations change over the years during the
time period 2008-2017, and how does it vary between institutional/economic sectors,
research disciplines and journals?

e How do the outcomes obtained in the PATSAT/Scopus database compare with those
based on linkages between USPTO non-patent references with Web of Science, and
presented in Van Raan’s review?

The outcomes provide a statistical background to the analyses presented in the sec-
ond part of this paper, which focuses on social sciences and humanities (SSH). This part
partly follows an analysis model applied in an earlier paper by Halevi and Moed (2012) on
the technological impact of library science. The latter study found that research papers in
library science had a considerable impact as reflected in patent citations. The current paper
addresses whether such impact can also be found in other subject fields in social sciences
and humanities (SSH). It presents a series of in-depth case studies of SSH subject fields
and journals. This part of the current paper presents a first exploration of the links between
citing patents and cited SSH papers and their meaning. More detailed analyses will be pre-
sented in future publications, including a paper by Guerrero-Bote et al. (n.d.). The follow-
ing research questions are addressed.

e How often are articles published in SSH journals cited in patents? Do the obtained
numbers support the hypothesis that SSH fields, similar to science and biomedical
fields, have an influence on technology as well?

How do patent-to-paper citation counts vary across SSH subject fields and journals?
What types of knowledge transfer may be reflected in patent citations to SSH papers?
Typical examples are presented of citing patent and cited paper titles in selected subject
fields

e Which are the affilations of the applicants of patents citing journal papers in selected
SSH subject fields?

A note on terminology

In the current article, scientific documents published in journals and other sources pro-
cessed for Scopus are denoted as articles or papers. Scopus contains many document
types. In the current paper only articles, reviews, mini-reviews and conference papers are
counted. These types are denoted below as citable documents. All these types are denoted
as articles. The largest part of articles in Scopus is published in scientific-scholarly jour-
nals. But Scopus also processes conference proceedings and books as sources of cita-
tions. For the sake of brevity, and to avoid the ambiguous term sources, all source enti-
ties are denoted as journals. Citations made in patents to Scopus articles are denoted as
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patent-to-paper citations, and citations in one article indexed in Scopus to another Scopus-
indexed article as paper-to-paper citations.

Data collection and handling

PATSTAT, “EPO worldwide PATENT STATistical Database”, is a global patent database
created by the European Patent Office (EPO 2018), published for the first time in 2008,
to help patent statistical research at the request of a working group on patent statistics led
by the Organization for Economic Cooperation and Development (OECD). Other mem-
bers of this working group are: World Intellectual Property Organization (WIPO), Japan
Patent Office (JPO), United States Patent and Trademark Office (USPTO), Korea Intellec-
tual Property Office (KIPO), National Science Foundation of the United States (NSF) and
European Commission (CE).

As main advantages over other databases such as NBER (USA) or IIP (Japan), PAT-
STAT has worldwide coverage, includes more types of information and contains some
auxiliary products that solve some of its problems, which has made it a de facto standard
(Kang and Tarasconi 2016). Its disadvantages are its orientation towards Europe (data from
national offices are exchanged with the EPO on the basis of agreements that change over
time and may leave gaps) and its orientation to the review process (data that are not vital in
the process of the patent examination has a lower quality).

PATSTAT is a relational database. It can be purchased on a DVD to be installed on a
local computer or online, and can be consulted using SQL (De Rassenfosse et al. 2014).
The EPO publishes two annual editions of PATSTAT, Spring and Autumn. The 2018
Spring Edition of PATSTAT (PATSTAT—Spring Edition of 2018) is a snapshot of the data
present in DOCDB EPO, a global bibliographic database that includes data from more than
90 patent offices around the world, and the global database of legal information of INPA-
DOC EPO. State, taken in the fifth week of 2018.

One of the PATSTAT tables includes the references to the non-patent literature. This
table contains the full non-patent references, which do not follow a fixed format, and are
not always complete. The table also contains a series of related data fields, but in many
cases the values in these fields are missing. In a combined automated and manual approach,
the records in this table were matched one by one against the source documents indexed
in Scopus. This work was carried out by SCImago Research Group These authors have
designed a procedure divided in four phases (Guerrero-Bote et al. 2019):

1. Data preprocessing: Preparation of data to facilitate and streamline subsequent pro-
cesses. The most important actions: unify records; locate patterns corresponding to
DOlIs; assign publication years; normalize lexical variants and eliminate special char-
acters; locate possible elements of the reference: first author, title, source; generate an
inverted index with extracted terms.

2. Pre-selection of candidate couples. With the previous data of the pre-processing phase,
we have 9 X 1014 possible pairs formed by a NPL reference of PATSTAT and a refer-
ence of Scopus. Due to the lack of standardization, a direct comparison is necessary
and that is impossible to address in such a large number of couples. For that reason, this
phase aims to reduce that number, reduce that number to a sufficiently large number
to minimize the possibility of a real couple being left out. To this end, a series of rules
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are used that are applied in the form of SQL statements in the data obtained from the
previous phase.

3. Automatic evaluation of the candidate couples. The objective of this phase is to assign
a score that allows to select for each NPL reference the Scopus reference that probably
refers to the same document. For this purpose, a series of routines have been designed
that look for the most important elements of the Scopus reference in the record contain-
ing the non-patent reference. The overall score is obtained by the product of the scores
obtained for each element of the reference (by way of probability).

4. Human validation. An NPL reference may not have a Scopus candidate reference, it
may have one or it may have several. Logically, if any of the candidates corresponds to
the NPL reference, this should be the highest score obtained, but it is possible none of
the assigned ones was valid. For this reason, a manual validation is necessary. To this
end, an application has been developed that allows the cooperation of many people in
human validation. For more information about the data handling, the reader is referred
to Guerrero-Bote et al. (n.d.).

A patent family can be defined as “a set of patents taken in various countries to protect
a single invention (when a first application in a country—the priority—is then extended to
other offices).” In other words, a patent family is “the same invention disclosed by a com-
mon inventor(s) and patented in more than one country (“Patent families” n.d.). One of the
problems in patent citation analysis is that there may be substantial differences between
members of the same family as regards the non-patent references they may contain. This is
especially the case for the examiner-given references, as patents of a family tend to pass a
different evaluation process in each office. In some cases, this process is faster and in others
slower, and some incorporate more non-patent literature references than others. To avoid
these differences, SCImago Research Group has retrospectively assigned all non-patent ref-
erences in the various members of a family to each patent in that family. In this way, when
a patent is granted, it incorporates all scientific non-patent references in its entire family.

Results (all disciplines)
Overall results and analysis by institutional sector

Table 1 presents a breakdown of papers and patent citations by institutional sector of the
(cited) papers. Data relate to the time period 2008-2017. For papers the variable year
relates to the publication year, while for patents it refers to the filing year. A paper may be
assigned to multiple institutional sectors, if it results from a collaboration between authors
active in institutions located in different sectors (e.g., a university-company collaboration).
Therefore, the total number of paper-sector assignments exceeds the number of papers, by
some 15%. For all sectors combined, the share of papers cited in patents is 3.2% if double
counts due to these multiple assignments are included, and 2.7% otherwise. The largest
percentage of papers from a particular sector cited in patents, relative to the total num-
ber of papers assigned to that sector, is obtained by the private sector (7.9%), followed by
the health sector (4.2%). The share of private sector papers relative to the total number of
papers in all sectors is only 2.6%, but its share relative to the total number of received pat-
ent citations is 11%, similar to that for the government sector.
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Table 1 Number of papers and patent citations by papers’ institutional sector (time period 2008-2017)

Papers institutional sector Papers Citations in pat- # Papers cited in % Papers
ents to papers patents cited in
patents
N % N % N %
Higher Education 18,534,000 68.1 4,129,000 53.0 527,000 60.1 2.8
Government 4,137,000 15.2 930,000 11.9 134,000 153 3.2
Health 3,565,000 13.1 1,811,000 23.2 150,000 17.1 4.2
Private 719,000 26 854,000 11.0 57,000 6.5 7.9
Other 250,000 0.9 66,000 0.8 8,000 09 32
Total paper-sector assignments 27,205,000 100.0 7,790,000 100.0 876,000 100.0 3.2
Total unique papers (excl. ‘double 23,511,000 5,351,000 628,000 2.7
counts’)

Van Raan (2017) indicated in his review an overall percentage of papers cited in pat-
ents of 3—4, obtained in studies that were based on USPTO and WoS. In the current study,
based on Scopus and PATSTAT, this percentage is somewhat lower. As noted above,
Table 1 also shows that the percentage of cited papers in patents (last column) is for paper-
sector assignments (semi-last row, 3.2%) somewhat larger than that for total number of
unique papers (bottom row, 2.7%). This means that multi-sector papers tend to attract
somewhat more patent citations than single-sector publications do. Data for collabora-
tive papers between the public and the private sector are not available in the current study.
Therefore, van Raan’s conclusion (Van Raan 2017) that papers co-published between the
public and private sector have a relatively large percentage of papers cited in patents, can-
not be directly validated.

Trends in annual patent-to-paper citation rates

Table 2 presents the annual trend in the number and percentage of papers cited in patents
during the 10-year period 2008-2017. A 5-year citation window is used. This means that
only citations (in patents) are counted to publications published during the 5 years preced-
ing the filing year of a patent. In the column headers journal papers are denoted as docs.

Table 1 above reveals an overall percentage of papers cited in patents of around 3 per
cent. The percentages in Table 2 are lower, namely 1-2%. The difference is explained by
the fact that the percentages presented in Tables 1 and 2 are based on different citation win-
dows: Table 1 includes citations to papers from the total time period (1996-2017), while
Table 2 applies a 5-year citation window.

The total number of patent citations to citable docs (5-year window) shows after 2012 a
rapid decline, despite the fact the total number of citable docs increased during these years.
To understand this, one should note that the analyses presented in the current paper relate
to patents granted before 2018, and that the patent examination process may take several
years, so that there may be a considerable time delay between a patent’s filing year and the
year it is granted. The number of (source) patents filed in a given (filing) year and granted
before 2018 declines as the filing year becomes more recent, because of this delay in grant-
ing of filed patents. For instance, the major part of patents filed in 2017 will be granted
in 2018 or later; as a result, the citations in these patents to papers are not included in the
counts presented in Table 2. Since according to Table 2 the maximum number of patent
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citations to citable documents (published in the past 5 years) is obtained for the filing year
2012, the following sub-sections in this analyse data for this year.

Analyses by subject category

Figure 2 compares for each of about 300 Scopus journal categories an indicator similar to
the standard journal impact factor (JIF) based on paper-to-paper citations with one based
on patent-to-paper citations. The horizontal axis displays the mean value of a journal’s
number of paper-to-paper citations per article across all journals covering a particular Sco-
pus journal category, applying a 3-year window, counting citations in 2012 to citable docu-
ments published in the three preceding years 2009-2011.

The vertical axis gives a similar measure but now based on patent-to-paper citations,
and applying a 5-year rather than a 3-year window. Biomedical categories tend to show
on average the largest patent citation-based JIFs. Relative differences between categories
hardly change if one analyses patent family citations instead of patent citations. The mean
citation rates for these two types of citations per category show a very strong linear corre-
lation: R-square is 0.97.

Analyses by journal

The paper-to-paper- and patent-to-paper-based journal impact factor, displayed in Fig. 2,
are also calculated in columns 5 and 7 in Table 3 below, but here at the level of individual
journals instead of journal categories. Table 3 lists the 10 journals with the largest impact
score based on patent citations for a single year: 2012. As indicated in Table 2 above, at the
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level of all journals in all fields combined, and for the year 2012, the average number of
patent citations per citable document is 0.065. The level of the patent citation impact of the
top journals in Table 3 ranges between 0.9 and 3.8. Table 3 also shows in column 6 a cita-
tion impact measure based on (citing) patent families rather than citing patents. Roughly
speaking, the patent family-based scores are one-third to one-half of those based on patent
citations.

Results for social sciences and humanities
Results per subject category

An analysis per subject category in Social Sciences and Humanities (SSH) is complicated
by many questionable or erroneous assignments in Scopus of journals to subject catego-
ries. For instance, the journals Science and Annals of the New York Academy of Sciences
are fully assigned to the Arts and Humanities category History and Philosophy of Science,
although the number of papers in these journals about history and philosophy of science
is very limited. Including all papers in these two journals into this category gives a totally
distorted picture of this field. There are also assignments that seem completely erroneous.
For instance, Journal of Fluorescence, covering papers on an established spectroscopic
technique, is linked with the Social Science categories Miscellaneous, Social and Politi-
cal Science, and Law. Journal of the Acoustical Society of America is assigned to Arts and
Humanities (Miscellaneous), and Physiology and Behavior and European Child and Ado-
lescent Psychiatry to the category Philosophy.

In most categories, the distribution of patent citations is very skew, and the journals
with the largest score tend to have a strong orientation towards science and (bio)medical
fields. This is illustrated in Table 4, that gives for categories with more than 20 patent cita-
tions the total number of patent citations in the filing year 2012 to papers published in the 5
preceding years, and a list of at most 3 journals with the largest number of patent citations.
The questionable assignments mentioned above are not included in this table. Also, confer-
ence proceedings are not included in the shortlist of most cited journals, but their citations
are included in the total counts for a category.

Results for selected SSH journals

While Halevi and Moed (2012) obtained evidence of an economical and technological
impact of the field library science, the current study aims to explore whether such influ-
ence can also be found in other SSH subject fields. To that end, apart from library science,
three additional, typical journal categories from SSH were chosen: History and Philosophy
of Science, Music, and Education. Also Library and Information Science was included in
order to compare results with those obtained by Halevi and Moed (2012). Data presented
in Table 5 relate to patents in PATSTAT filed during the time period 2008-2017 (and
granted before 2018), and citations to Scopus articles published in the 5 years preceding
the patent’s filing year. Table 5 presents for 12 journals in these four SSH subject fields
typical examples of titles of citing patents and cited papers. With the purpose of gaining
insight into the specific subjects of the citing patents and cited papers, word clouds are
presented using the Worditout software (http://worditout.com) for all four fields: Library
and Information Science (Fig. 3a, b), Education (Fig. 4a, b), History and Philosophy of

@ Springer
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Fig.3 Word Clouds for Library and Information Science based on a citing patent titles and b cited paper
titles

Science (Fig. 5a, b), and Music (Fig. 6a, b). These maps give a first impression of the con-
tents of citing patents and cited papers. The prominent position of generic, methodological
terms such as ‘Method’ and ‘System’, especially in the maps based on citing patents is
itself informative: it marks the importance of findings and approaches from the scientific
literature for the development of new, patented methodologies, some with a broad scope.
Moreover, also non generic terms are displayed in the maps.

According to the results presented by Halevi and Moed (2012), library science papers
cited in patents were mostly featuring library information and customer management
systems together with classification and indexing methodologies, while the patents cit-
ing these articles were found to feature mainly online commerce applications. Also the
current analysis illustrates the important role played by these subjects in the titles of
citing patents as well as in cited papers. In the world clouds for Library and Information
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Fig. 4 Word Clouds for Education based on a citing patent titles and b cited paper titles

computer-based

Science (Fig. 3a, b) the importance of web based technology is clearly reflected in
the font size (indicating their frequency of occurrence) of words such as web, google,
machine, technologies, computing, engine, link, databases, automated, multimedia,
browsing, network, site or XML. However, and not surprisingly, the more important
words displayed in the word clouds for papers and patents in the journal Scientomet-
rics are related to information and evaluation. Among these words one finds: measures,
search, analysis, similarity, data, document, information, content, knowledge, journal,
performance, survey, table, evaluating, factorizing, matrix, graph, weighted, compari-
son, results, bibliometric, citation, clusters, quality, quantitative, mapping or ranking.
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Fig.5 Word Clouds for History and Philosophy of Science based on a citing patent titles and b cited paper
titles

The current results also coincide with those obtained by Halevi and Moed as regards
the prominent role of indexing and classification methodologies in library science. What it
is important to notice in the current picture is the appearance of numerous and highlighted
words related to indexing and classification connected to the web based technologies. In
the word clouds we find: classification, social, tag, tagging, bookmarking, folksonomy,
collaborative, community, index, ontology or semantic. The technological influence of the
research carried out in indexing and classification in relation to the social and semantic
web is even more evident in the papers and patents’ titles: collaborative tagging, sentiment
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Fig.6 Word Clouds for Music based on a citing patent titles and b cited patent titles

evaluation

analysis, web robot detection, Google’s PageRank, social bookmarking, social network,
semantic processing, among others.

The shift in emphasis from the Web 1.0 to the challenging Web 4.0, and from docu-
ment sharing to data sharing reflects that library science is on the basis of the information
science-technology interaction. The relationship between the development of library sci-
ence and innovation in Web technology is not new, but these results confirm the increas-
ing importance of the technological impact of the subject field, given the expanding role
of these technologies in redefining today’s society. The upcoming trends in the fields of
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information technologies reveal the world as a globalized highly intelligent information
space, where the individual needs will be socially customized.

This combination of the social and personalization aspect is also present in the results
obtained from the other studied SSH categories. Words related to both customization and
social issues are present as well in the word clouds and in the patent and papers’ titles. We
find the words collaborative, social, personalizing, personal, community, personalized or
individual appear with a high frequency. In the other three analysed fields the research cited
in patents were mostly featuring Web and electronic systems. For Education we find the
words: e-learning, online, electronic, virtual, web, web-based, computer-based, software,
network, digital, computer-readable, urls, automatically, wireless, programming, remote
and server. In music, automatic is one of the most highlighted words, also computed, com-
puter, digital, offline. In History the most visible word is computing. Computing is one of
the most common connection to other fields found in the SSH research cited in patents,
but not the only one. We find connection to Health in all categories except for Library and
Information Science. In Education, Music and even more in History and Philosophy of Sci-
ence we find words standing out such as health, therapeutic, disease, medicine, diagnostic,
cancer, diagnosability, antigen, cells or virus.

Table 6 gives a list of the most important patent assignees in the four subject fields.
These lists do not merely include large technology firms, but also an investment company
(Invention Science Fund I), a university (Univ Pennsylvania) and a research organization
(Fraunhofer).

Conclusions

The frequency of patent citation to the scientific literature based on PATSTAT/Scopus is in
the same order of magnitude as that based on Web of Science/USPTO, but slightly lower.
It is as of yet uncertain whether this difference is due to differences in patent source (PAT-
STAT versus USPTO) or to differences in publication source (Scopus versus Web of Sci-
ence). Large differences in patent-to-paper citations are found between disciplines, journal
subject categories and individual journals. Research in biomedical fields tends to generate
the largest impact upon technology, fully in agreement in findings in earlier studies such as
those published by Francis Narin and his co-workers (e.g., Narin and Olivastro 1992; Narin
etal. 1997).

The study has shown that several fields and journals in social sciences do generate a
considerable citation impact upon patentable technology. Counting citations in patents
cited in one single year (2012 in the current study) to 1-5 year old journal papers, the jour-
nals in the subject categories Library and Information Science, Language and Linguistics,
Education, and Law received more than 300 citations from patents. On the other hand, the
patent-to-paper citation levels in humanities-related subject categories are extremely low,
while those in social sciences tend to be higher, but lower than those obtained in biomedi-
cal fields. Also, the social science journals with the largest impact compared to other jour-
nals in the same category tend to show a strong orientation towards biomedical and natural
science fields.

The journal citation impact measures calculated in the current paper are relatively sim-
ple, and fully compliant with the model underlying the journal impact factor proposed
by Eugene Garfield and his collaborators. But more advanced indicators of technologi-
cal impact of scientific journals could and should be calculated. The authors are currently
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carrying out a project aimed to develop more sophisticated indicators of the technological
impact of scientific-scholarly journals.

The analysis of titles of citing patents and cited papers has given a useful impression of
the topics involved in the patent-to-paper citation links, and thus, of the scientific-scholarly
knowledge that is applied in patentable applications, as well as in the context in which it
is used. As this type of analysis reaches beyond the level of sheer numbers, the current
authors believe that it is important for a better understanding of what patent-to-paper cita-
tion counts actually measure, and thus may provide a basis for theoretical confidence in
the use of patent citation statistics to study the science-technology interface. In order to be
practically useful and convincing to users of patent citation-based impact indicators, it is
therefore proposed to deliver not merely numbers, but also to provide information on the
citation content, in terms of what is being cited, and in which context. World profiles of
patent and paper titles presented in the current paper are useful tools but constitute a first
step. More advanced mapping of citing and cited works is feasible and should be further
explored. On the basis of the outcomes of such mapping studies, the theoretical under-
standing of what patent citations to SSH fields measure can be further expanded. Also,
validation studies can address issue whether indicators based on these patent-paper citation
links can be useful elements in the assessment of scholarly performance in SSH.
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