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1 Introduction

SciencdMetrix has been commissioned by SRI to develop measures and indicators of research and
paent activity using bibliometrics and patent data for inclusion in the Science and Engineering
Indicators (SEI) 2016. This documéetiailghe various steps for the implementation of the databases,

the cleaning and standardization of the data and thectpyodof statisticsThis documentation is
accompanied by a collection of external files that are necesgagments to perform these tasks

The followings the list of accompanying external files:

External File 1: XML Parser Scopus (Folder)

External File 2: Scopus_Import_SQL_Code_Generator.py
External File 3: Scopus journal to WebCaspar classification.txt
External File 4. Scopus_country.txt

External File 5: Scopus US city to US state.txt

External File 6: Scopus US Sector.txt

External File 7Impact_ NSF_prod.sql

External File 8: Create_Scopus_database_tables_index.sql
External File 9: XML Parser LexisNexis (folder)

External File 10: IPC Technolo@oncordance Table.txt

External File 11: Patent number to clean technology.txt

External File 12: US Class to NAICS.txt

External File 13: Patent number to Squs ID.txt

External File 14: Patent number and SEQ to countries and regions.txt
External File 15: Patent number and SEQ to American States.txt
External Filel6: US applicant to sector.txt

External File 17: NoAJS applicant to academic sector.txt
External File 18: EPO US applicant to academic sector.txt
External He 19: EPO noAJS applicant to academic sector.txt
External File 20: Create_LexisNexis_database_tables_index.sql

These external files are also introduced in the relevant section of this documentation.

The first section fothe report presents the bibliometric methods based on scientific publications
indexed in Scopus (Elsevier), while the second section presents the methods for the production of
technometric data based on patents indexed in LexisNexis (Elsevier).

January 2016
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2 Bibliometric methods

Bibliometrics is basically the statistical analysis of written publications, such as books or articles.
Bibliometrics comprises a set of methods used to derive new insights from existing databases of
scientific publications and patents. In shisly, the bibliometric indicators are not computed on the
original and complete text of the publications, but rather on the bibliographic information of a very
comprehensive set of scientific articles published inep@aved journals and indexed iop86.As

Figurel exemplifiesthe information used for the computation of indicators is mostly derived from the
bibliographic informatiosontainedn the first page of the document andhe list of references

usually presented at the very end of the document.

Only two databases offer extensive coverage of international scientific literature and index the

bibliographic information required to perform robust and extensive bibliometric analyses; both of these

aspets are necessary for performing advanced bibliometric analyses on scientific activity. These
databases are the Web of Science (Wo0S), which is produced by Thomson Reuters and currently covel
about 12,000 peesviewed journals, and Scopus, which is prdducdElsevier and covers about

17,000 peereviewed journals.

The bibliometric indicators in this report were produced usinghaos@ implementation of the
Scopus database from Elsevier that has been carefully conditioned for the poddacgescde
comparative bibliometric analyses. The bibliometric indicators included in the previous ¢dions of
I were computed based on data from Sbence Citation Index (SCI) and the Social Science
Citation Index (SSCHwvo subsets of the&/eb of Scier The differences betwegropusandthe SCI

and SSCI database that was used for the previous editiiesS&fl, andthe implications of these
differences for the production of bibliometric indicdtorthe SE|, will be discussed comprehensively

in aseparate report

For this project, the indicators are computed on science and engineering scientific publications; this
includes publications on the natural sciences, the applied sciences, the medical sciences and the soc
sciences, but excludes the ants humanities. Only documents published in refereed scientific journals
were retainefmostly articles, reviews and conference proceedm@jsse documents were reviewed

by peers prior to being accepted for publication. Thegweew process enssithat the research is of

good quality and constitutes an original contribution to scientific knowledge. In the context of
bibliometrics, these documents eollectively referred to@apers

January 2016
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Available online at www.sciencedirect.com
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Comparison of Coleoptera assemblages from a recently burned
and unburned black spruce forests of northeastern North America

Michel Saint-Germain **, Pierre Drapeau ®, Christian Hébert °

* Groupe de recherche en écologie forestiere interuniversitaire, Département des sciences biologiques, Université du Québec & Montréal, CP 8888,
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® Natural Resources Canada, Canadian Forest Service, Laurentian Forestry Center, 1055 rue du PEPS, CP 3800, Sainte-Foy,
(e, Canada G1V 4C7

Received 2 April 2003; received in revised form 1|5 September 2003; accepted 14 October 2003

Abstract

Several insect groups have adapted to fire cycles in boreal forests, and can efficiently use new habitats created by fire. Our study
aimed at producing a first characterization of post-fire Coleoptera assemblages of black spruce forests of eastern North America.
For two years, we sampled Coleoptera using flight-interception traps in burned stands of contrasting age and structure in a 5097-ha
wildfire and in neighbouring unburned mature stands. More than 40 species were exclusively captured in burned stands. Time
clapsed since fire and proximity of unburned forests were the most significant parameters affecting Coleoptera assemblages. Stand
age and structure had limited effects on assemblage structure; the Scolytid Pelyvgraphus rufipennis Kirby was the only common
species to clearly favor older stands. Fire-associated Coleoptera assemblages found in our study area were clearly distinet from those
found in similar unburned stands; we should thus be conservative in our management approach concerning recently burned stands.
© 2003 Elsevier Ltd. All rights reserved.

Keywords: Boreal forest; Forest fires; Habitat selection; Fire-associated Coleoptera; Salvage logging
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Figure 1  Bibliographic information  for the computation of bibliometric indicators
Source: ScienceMetrix
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2.1 Databaseimplementation

S c o pdata & provided by Elsevier on an external hardtlateontains a single gunzip archive
(http://www.qgzip.orgl) per year of coveragencrypted with GnuPGhifps://www.gnupg.org).
SciencéMetrix has developed a parser written in Pyg@hohttps://www.python.org) to parse these
filesinto tabseparatedalues flat files suitable for import into a relational database.

The parser outputs a single directory per year, con@neifite per table (article, author_address,
reference, fts, author_keyword, efithe resulting text fileseatUTF8 encoded and, as such, may
contain norLatin characters, which is not desirable. Text files are therefore transliterated in the
CP1252 encoding for cl arityodar es ackon v adhpbida c(tee.r ¢
moreobscure charaats are simply stripped from the data.

A smallPythonscript is used to generate a {mlgort SQL file from the data files; running this file on
Microsoft SQL Server loads all the data in the database.

Table I  Link between XML items and columnsi n t hiel eartabl e in SQL
Column Data type XPATH

id bigint /xocs:doc/xocs:item/item/bibrecord/item -info/itemidlist/itemid attr=SGR

pmid int /xocs:doc/xocs:item/item/bibrecord/item -info/itemidlist/itemid attr=MEDL

sgr bigint Ixocs:doc/xocs:item/item/bibrecord/item -info/itemidlist/itemid attr=SGR

year int Ixocs:doc/xocs:item/item/ait:process-info/ait:date -sort attr=YEAR

month int /xocs:doc/xocs:item/item/ait:process-info/ait:date -sort attr=MONTH

day int /xocs:doc/xocs:item/item/ait:pro cessinfo/ait:date -sort attr=DAY

doi varchar(120) /xocs:doc/xocs:meta/xocs:doi

doc_type varchar(10) /xocs:doc/xocs:meta/cto:doctype

source_title varchar(500) /xocs:doc/xocs:item/item/bibrecord/head/source/sourcetitle

source_abbr varchar(200) /xocs:doc/xocs:item/item/bibrecord/head/source/sourcetitle -abbrev

source_id varchar(20) /xocs:doc/xocs:item/item/bibrecord/head/source attr=SRCID

issn varchar(50) I/xocs:doc/xocs:item/item/bibrecord/head/sourcefissn

subject varchar(200) ../head/enhancement/classificationgroup/classifications/classification
source_type varchar(5) Ixocs:doc/xocs:item/item/bibrecord/head/source attr=TYPE

title varchar(1000) | /xocs:doc/xocs:item/item/bibrecord/head/citation -title/titletext

title_lang varchar(10) /xocs:doc/xocs:item/item/bibrecord/head/citation -title/titletext attr=XML:LANG
total_ref int Ixocs:doc/xocs:item/item/bibrecord/tail/bibliography

volume varchar(50) I/xocs:doc/xocs:item/item/bibrecord/head/source/volisspag/voliss attr=VOLUME
issue varchar(50) I/xocs:doc/xocs.item/item/bibrecord/head/source/volisspag/voliss attr=ISSUE
first_page varchar(30) Ixocs:doc/xocs:item/item/bibrecord/head/source/volisspag/pagerange attr=FIRST
last_page varchar(30) Ixocs:doc/xocs:item/item/bibrecord/head/source/volisspag/pagerange atir=LAST
doc_type_sm | varchar(1) Populate in a further step: see Sectio.1.1

scopus_year int /xocs:doc/xocs:item/item/bibrecord/head/source/publicationdate/year
scopus_zip varchar(80) Containing zip file

scopus_xml varchar(80) Containing xml file

nsf_subfield varchar(128) Populate in a further step: see Sectio.2.1

January 2016
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Table Il Link between XML items and columns i n tduthor address 6 t aib |
SQL

Column Data type XPATH

id bigint /xocs:doc/xocs:item/item/bibrecord/item -info/itemidlist/itemid attr=SGR

ordre_address int Automatically incremented by parsing script

country varchar(50) Ixocs:doc/xocs:item/item/bibrecord/head/author -group/affiliation
attr=COUNTRY

city varchar(200) | /xocs:doc/xocs:item/item/bibrecord/head/author -group/affiliation/city -

rou

afid varchar(15) ?xocsp:doclxocs:item/item/bibrecord/head/author -group/affiliation attr=AFID

dptid varchar(15) Ixocs:doc/xocs:item/item/bib record/head/author-group/affiliation
attr=DPTID

full_address varchar(800) | /xocs:doc/xocs:item/item/bibrecord/head/author -group/affiliation/ce:text
++ éaffili @tairanf+ad@radbddpl i ati on/ ci

ordre_author int Automatically incremented by parsig script

auid varchar(15) Ixocs:doc/xocs:item/item/bibrecord/head/author -group/author attr=AUID

indexed_name varchar(400) | /xocs:doc/xocs:item/item/bibrecord/head/author -group/author/ce:indexed
name

given_name varchar(400) | /xocs:doc/xocs:item/item/bibre cord/head/author-group/author/ce:given-
name

author_initials varchar(50) Ixocs:doc/xocs:item/item/bibrecord/head/author -group/author/ce:initials

surname varchar(400) | /xocs:doc/xocs:item/item/bibrecord/head/author -group/author/ce:surname

pref_indexed_name varchar(400) | /xocs:doc/xocs:item/item/bibrecord/head/author -group/author/preferred-
name/ce:indexedname

pref_given_name varchar(400) | /xocs:doc/xocs:item/item/bibrecord/head/author -group/author/preferred-
name/ce:givenname

pref_author_initials varchar(50) Ixocs:doc/xocs:item/item/bibrecord/head/author -group/author/preferred-
name/ce:initials

pref_surname varchar(400) | /xocs:doc/xocs:item/item/bibrecord/head/author -group/author/preferred-
name/ce:surname

ordre_affil int Automatically incremented by parsingcript

affiliation varchar(800) | /xocs:doc/xocs:item/item/bibrecord/head/author -group/affiliation/ce:text

city_group varchar(100) | /xocs:doc/xocs:item/item/bibrecord/head/author -group/affiliation/city -

rou

email varchar(120) ?xocsp:doc/xocs:item/item/bibrecord/head/authorgroup/author/ce:e-
address attr=EMAIL

epays_sm varchar(50) Populate in a further step: see Sectio.2.2

epays_sm_harmonized | varchar(50) Populate in a further step: see Sectio.2.2

Table Ill  Link between XML itemsand columnsi n t he oOreferencesbo
Column Data type | XPATH

id bigint Ixocs:doc/xocs:item/item/bibrecord/item -info/itemidlist/itemid

ordre int Automatially incremented by parsing script

id_ref bigint /xocs:doc/xocs:item/item/bibrecord/tail/bibliography/reference/ref -info/refd -itemidlist/itemid

External Filel: XML Parser Scopus (Folder)

7

External File2: Scopus_Import_ SQL_Code_Generator.py
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2.1.1 Filtering document and source types

Scopus recosthe information on the type of media (source pe)the document typehe types

of media included in Scopus ategarized into six categoridsural, Conference Proceeding, Book Series,
Trade Publication, BowkReportThese include documents that are categorized into 15 categories:
Article, Conference Paper, Review, Letter, Book Chapter, Editorial, Note, Short Survey, In Press, Eri
Coference Review, Report, AbstrastdBesoness Article

For this project, the goal was to keep only documents that arevpmeed and that present new
scientific resultsThe classification of document by source type and document type inisScopus
perfectible and cannot be used directly to identify precisely-edvieed papers in the database. An
empirical approach has been developed by Skleticeto filter documents based on the source
types and document types, samthaximize the ret@f peefreviewed papers while trying to minimize

the inclusion of nopeerreviewed documents. The approach is based on the documentation available
on the Internet and statistics on the number of references and citations per document for each
combinatio of source type and document type.

TablelV detailghe combinations that have been kept for the bibliometric analyses.

Table IV Combinations of source types and document types used for the
production of bi  bliometric indicators

Source Type Document Type

Book Series Article, Conference PaperReview Short Survey
Conference Proceeding Article, Review Conference Paper

Journal Article, Conference PaperReview Short Survey

This filter is applied beforebsequent steps of data standardization.
2.2 Data standardization

2.2.1 Linking WebCaspr classification to the database

In previous editions of the SEI, a concordance table between the journals indeXgdSarkdehe
WebCaspar has been developed and used fprothgction of bibliometric indicators bgld of

researchin this system, journals are classified in a single field (mutually exclusive classification) and all
the papers published in the jouaraklassified in this fielth order to producéhe indcators for this

edition a concordance table has been developed to that8topus database with WiebCaspar
classification systefirhe two main challengesaafaptinghis implementation in Scopus asdollows:

1. To remap the journalstineWosS to tle equivalent in Scopus. This is a challenge given the variations in
journal names, and the relative lack of data standardization in Scopus.

2. To map the journals that are covered in Scopus but that were not included in the concordance table
prepared in therpvious editions.

The al gorithm usjemdaldd the WbCasmasdathbgsandhe exprassed thusly:

A UsingFSQL entries in the WebCa sgndade onlantxad masclkeof we r e
the o0l SSNoO6 field.

A Using FSQL,entries n t he WebCaspar da tsarticke enean exactrnatchof n k e d
the o0journal named field.

January 2016 i
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A

A

UsingFSQL, entries in the WebCasarckonadexacanatelsoé wer ¢

the oO0journal abbreviationdé field.
Using the partily classified Scopus database and SéilemdesowrnkSGopus implementation, articles
were | inked hlgcunteetunigod),(ablds ¢ \hieerdd st ri buti on of V

every Scienddetrix subfieldbased on the journal classificatibScienc®etrix)was studied. For
example:

SM_subfield PB Subfield Name count SM_subfield_total

Marketing Economics 546 21441 3%
Marketing Managenent & Business 20204 21441 94%
Marketing Social Psychology 691 21441 3%

Of all articlesinthe u b f i el d 0 Ma r-Meettgsimplggd@ntatiom of 81e $cepascdatabase

for which a classifying match was made in the contract version of Scopus, 94% weréoattributed
OManagement & Businesso6. After s ntial chignmatchgriskk hi s d
a threshold value of 80% was selettegteforein cases where the threshold valuegueseadr

surpassed, all papers classified in a specific Stédricsubfieldind not otherwise assigned to a

WebCaspar subfielere thus atti but ed to the oOoOpopul ardé WebCaspa
Lastly, following the philosophy that a-perfect match is more useful than no match at all, the very
lastfew unassigned journals were classified by studying the distribution of the subfields of the paper
they are referencing. Therefore, the most popular subfield between all the papers cited by all the papers
published in an unclassified journal was attributed to that journal.

It is important to note that jaurnatbased classification is inherently lesssprédtan a classification

that would beperformed at the article leviebr examplegeneralist journals suchNegureandScience
donot f i tCasparcategory.sPaperg lfran these two journals have been classified in the
biological sciencefor continuity with previous SEI editions. Alsome areas of research are very
complex blends of different fields and héditigto a traditional ontolog¥he classification at journal

level is widely used because classifying single papers is compgagiensive

External File3: Scopus journal to WebCaspar classification.txt

2.2.2 Data standardization: country, country groups, regions

A

A

Match of the country ISO 31@6alpha3 codes provided the Scopus code withe Englistshort

country names officially defined by the 1ISO 3166 Maintenance Agency (ISO 3166/MA)

Some regions/economies/constituent countries/overseas departments are grouped under main
jurisdiction. (g., Puerto Rico is included in theslUGuadeloupe is incled in France)

S ¢ o peamtses lacking a country code were attributed to a country usihgaseiheuristic based

on the other information contained in the address (city, affiliation, AFID, DPTID). This algorithm
clusters articles on other discrimimgafields and looks for a suitable match based on both a frequency
(at least 10 occurrences) and a ratio (at least 90%) threshold. For example, if an address lacks the
country, but lists a city (e.g., Chicago)rimabre than 90% of the casgassociad with a given

country (e.g., United States), then this country will be associated with this address.

J©aSr1;::1)/C§()-i/?etrix Inc. SCience'Metrlx 7
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A A correspondendeblewas developdaetweerihe English short country nanaesithe country
namess they were definedSEI 2014

A Most matches wergaightforward (e.gexact match or variations such as Myanmar = Burma).

A Somematclesrequir@ more elaborate approaghas follows

Countries in Scopus Action

Antarctica Statistics were compiled for Antarctica but are not presented in the tables

Cook Islands Cook Islands is added to the country list for SEI 2016

Western Sahara All addresses in Scopus under Western Sahara are counted for Morocco in SEI 2016

Country not in ScopugAction

Gaza Strip No formal entry for these countries / economies in Scopus. A query using thg
West Bank o . .
St Luc and the original country was used to identify the relevant papers from these
- -uia : entities in Scopus (e.g. If city = 'Taipei' and country ='China’ then country_nj
Senegambia i ,
Taiwan’)
Kosovo

A Countries are grouped and presented in the same way they were in the previous edition, except for
Croatiawhichisnow part of the European Union.

External Filed: Scopus_country.txt

2.2.3 Data standardization:U.S.states

Unfortunately, the Scopus database does not contain a specific field that holds information about the
state or provincm whichanauthor wrotea paper.The information about the city, the postal code and

the state are albntairrdi n a s i ngl e .Althoagh the aityaismeost oftercpresent én this

field, the postal code and the state are not systematicallgdesal are presented in an inconsistent
format.However, folU.S papers, most addresses somewhat fit the following conwattioame, state
abbreviatiaip code

The algorithm used by Scieibetrix toidentify the state in théS.addressesanbe expressed thusly

A Aregular expressigRython 2.7 scripiy usd to extract the longest word that does not contain any
digitsfrom the city fieldThis word is a candidate for the city name.

A Aregular expressi¢Rython 2.7 scripiy used to extrathe first encounter offeve-digit number
from the city field. This is assumed to beifheode

A Aregular expressi¢Rython 2.7 scripiy used to extract the first encounter of adayitaletter
word that existin the list olU.S.states commorbareviations.

A Thezip codesind citynamesare checked againgd &.zip codécity databasen(tp://www.zip-
codes.com/zigodedatabase.asto produce up towo candidatstates per address.

A Each address now has up to three candidate states. All cases where two or three states converge are
concluded to brom that state and are considered valid.

A Ambiguous addresses are fixed by hand in reverse order of frequency.

A Extensive manual coding wasfprmed on the remaining addresses with unknown states.
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In the endthe state remains unknofan 8% of thelU.S.addresség~or a majority of these remaining
addresses, there is no information available that allows for coding at the state level.

ExternalFile5: Scopus US8ity to US statetxt

2.2.4 Data coding:U.S.sectors

All U.S.addresses were coded into one of the followingséatademic, Federal Government, State/Local
Government, Peilaanprofit, FFRD@nd IndustryThe Academic sector was also further divided
betweerPrivate AcadeamdPublic Academic

The coding was based on the organization provided in the addresses afisaghtite following
method:

A Use conversion table provided by ElseViee table prodis a match between a unidDe(AFID)
for each address and a seftot the sector used in the study but based on an specific ontology used
by Elsevier). There are many errors in the attribution of AFID to organizations in Scopus, several
errors alsocair in the coding of AFID to sector, and finally many addresses with lower frequency are
not classified. Howevdhjswas a good first step to start coding the 15 milliaddresses in the
database.

A All the highest frequenciepprox. first 500 orgamaitions) were verified manudllyese 500
organizations account for 68% of th&.addresses in the database, so a large proportion of the
coding was manually validated at this step.

The remaining untested matched and remaining unknowrs seeter validted and/or coded
following various approaches that can be synthetized as follow

ia papemay contain more than one U.S. address. In a fictive example, with 10 papers having 10 U.S. addresses each, .thdresset00 U.S
in total. If the state cannot be determined for 8 of these addresses, then the state remains unknown for 8&tldifetbeel. S
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Table V  Coding papers by sector

Elsevier Final Sector Note
A Manual validation of aut omat
. . A Ma n ading (e.g; searches foruniv*, polytech*)
Private Academic A Use NSF HERD file and then I
. between Private/Public Academic.
Academic . . .
A Manual verification of aut om

(e.g, institution's website and Wikipedia)
. . S o mtematic coding of remaining Academic using keywords
Public Academic (e.g, mainly looking for "state" in the name)

Federal Government ) )
Manual coding of Federal vsState & Local, with the help of some

Government filters (e.g, national, federal,U.S, army, navy for the Federal, and

state, regional and state/city names for the State/Local)
State/Local Government

. . A Manual validation of automat
Other Private nonprofit A Use several | i st ssfopautonmicrgdingo f
A Manual validation of a usiootabe)
A Addi t i oasedon & listoficangany names
Corporate Industry A Addi ti owithethe hetpoidsone gliters (e.gInc., Corp.,
Ltd.)
Private Academic AUse Medicare to split between
Public Academic State/Local Gov., Priva nonprofit)
Medical Federal Government A Extensive manual validation
State / Local Government to an academic institution, and coding in Private or Public Academi
Private nonprofit AAddi tional manual wvalidation
FFRDC SQL queries and manual coding of FFRDCs

External File5: Scopus US Sector.txt

2.3 Productiondatabase

Two databses were developed for this projact basi ¢ Scopus database
data from Scopus, with minimal filtering and data transformatiora production version of the
databaseNSF_production). The firstdatabasdéias been nameNSF_Scopusand contains three
tables, one for basic bibliographic information aboutaeticle, one presenting the information on
authors and their addresses (author_address) and one presergfarettoeslisted in each article.

January 2016 Science-Metrix 10
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The prodiction database is leaner as it contains only the necessary information to produce basic
bibliometric indicators and is limited to relevant articles and jo&@sedstially the production
database has been obtained using the following filters:

A Documentypes: only pegeviewed documents presenting new scientific results (see section 2.1.1)

A\ Field of research: only documents classified into one of@aesfafields (see section 2.2.1)

A Only documents for which it was possible to identify the countriga$tone author

A Finally, documents from journals that are not listing any references have been removed from the
analysis (because chances are high that these arenevigyeed scientific publications)

TableVI presents th@umber of papers remaining after each step of filtering. About 80% of the

documents are kept for the analysis, and this is fairly consistent for all years excefi2(08,2001

where more documents are filtered out. This can largely be explained bysmyeaduresses in
Scopus in this period.

Table VI Number of documents after each step of filtering

Year Alldocuments b Good Doc Type (o) S&E Only (o) Country is available Ty Final dataset
1999 1,179,771 100% 1,091,431 93% 1,017,682 86% 943,964 80% 943,962 80%
2000 1,244,056 100% 1,135,497 91% 1,064,759 86% 991,458 80% 991,448 80%
2001 1,344,168 100% 1,180,192 88% 1,094,539 81% 1,011,052 75% 1,011,043 75%
2002 1,398,606 100% 1,229,647 88% 1,142,369 82% 1,051,972 75% 1,051,962 75%
2003 1,475,429 100% 1,295,599 88% 1,208,778 82% 1,117,870 76% 1,117,866 76%
2004 1,616,782 100% 1,433,398 89% 1,342,553 83% 1,260,489 78% 1,260,482 78%
2005 1,849,041 100% 1,610,927 87% 1,508,826 82% 1,436,824 78% 1,436,815 78%
2006 1,950,667 100% 1,702,234 87% 1,602,881 82% 1,532,408 79% 1,532,369 79%
2007 2,062,433 100% 1,800,399 87% 1,699,261 82% 1,624,473 79% 1,624,353 79%
2008 2,163,004 100% 1,899,147 88% 1,794,049 83% 1,717,596 79% 1,717,542 79%
2009 2,274,372 100% 2,008,174 88% 1,892,909 83% 1,823,662 80% 1,823,614 80%
2010 2,405,906 100% 2,115,812 88% 1,988,754 83% 1,920,848 80% 1,920,840 80%
2011 2,554,518 100% 2,253,182 88% 2,118,839 83% 2,058,361 81% 2,058,361 81%
2012 2,647,515 100% 2,322,613 88% 2,196,242 83% 2,140,387 81% 2,140,386 81%
2013 2,702,305 100% 2,378,920 88% 2,253,379 83% 2,199,704 81% 2,199,704 81%
2014 2,585,590 100% 2,215,633 86% 2,107,771 82% 2,062,763 80% 2,062,762 80%
All years 31,454,163 100% 27,672,805 88% 26,033,591 83% 24,893,831 79% 24,893,509 79%

2.3.1 Computation of the citations

The Scopus database contains the original printed reference string for every paper but it also
converently contains this information in a retdyse relational list of article identifiers. The schema
for this oref er e Rigued This aeb dof eferenses is smalerethan ia tthe original
dataas it only contains information about references to article that are also indexed in Scopus. Indeed,
references to articles not present in the database are of little interest in computing basic bibliometric
indicators.

Once the Scopus database is loadqdery can be run to grempute various variables at article level
based on references. These variables are necessary for the computation of the bibliometric indicator:
computed for the SEI and presented in sec2i@n4dio 2.4.7

External File7: Impact NSF_prod.sql
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article author_address reference
| h dd f
| I « B
_I praid _I ardre_address _I ardre
_I smpmid _I cournkry _I id_ref
_I sqr _I ciby
_I wear _I afid
_I month _I dptid
_I day _I ful_address
_I doi _I ordre_authaor
_I doc_type _I auid
_I source_title _I indexed_name
_I saurce_abbr _I given_nams
_I source_id _I author_initials
_I issn _I surname
_I subject _I pref_indexed_name
_I source_kype _I pref_given_name
_I title _I pref_author_jnitials
_I title_lang _I pref_surnarne
_I total_ref _I pref_name_werif
_I volume _I ordre_afFil
_I is5UE _I affiliakion
:II first_page :II ciby_group
last_page email
_I doc_type_sm _I EaYSs_sm
_I SCOpUS_vear _I epays_sm_hatmonized
_I SCOpUS_zip
scopus_xml
_I nsf_subfield

Figure 2 NSF Scopus database schema

2.3.2 Production databasestructure

SciencéMetrix also compgad a production version of the datab@$8F production). This

production version is leaner as it contains only the necessary information to produce basic bibliometric
indicatorslt is also limited teelevant articles and journéisaddition to the fier that was applied to

keep only the relevant source dadument type (see Sectibh.), other filters were applied to the
database in order to prepare the final dataset that will be used for the pafdiatistics:

A All papersvere filtered oufor which no countryvasrecorded in Scopus, and for which it was

impossible to determine the country based on other information on the addresses of authors.
A Papers from journals that did not receive any pgdtimm other papers were removed from the

production database. Empirical tests showethtbit a very effective method to remove documents

that were erroneously classified asrpgeEwed papers.
The bl e oOarticled cont diclenlevel thdt supptstthe prodaction ofmat i o
bibliometric indicators, including ti®, year of publication, elements of classificaflaspéy field,
subfield) and various variables/indicators that were prenp ut e d . The table o0co
standr di zed <country for each addr,dased oo the veorkt i c |

presented in Secti@R2.2 The tabl e 0US _ st asaedfor eachhSaddresssn t h e
t he oycéoutnabrl e (Umtedibtatedy based Dn the work described in Se&iar8
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Finally, t h e cantairs lthe results 8f tHe eadingoby dectds. 8forganizations (se
Sectior?2.2.4.
article US_ Sector US_state

id

year
Caspar
Field
Subfield

n
=
L]

_,:
=]
L]

= = =
= =
o L et

source_jd

11 5 R | |

unique_ID

id
ardre_address
AF1

aFz

affil_concat
sectorl

sectars

[ ||

Sectar

|

J ordre_address

_I ciky

country

J stake

country

Figure 3

2.3.3 Indexes

NSF_production database schema

id

ordre_address

EpaYs_s
epays_sm_harmonized
counkry _MSF

lewvelz

]

lewvell

A database index iglata structuréhat improves the speetldata retrieval operations odaabase

tableat the cost of additional writes and storage space to maintain the index data structure. Indexes are
used to quicklyptate data without having to search every row in a database table every time a database
table is accessed. Indexes can be created using onecmiumane of a databa tableproviding the

basis for both rapid randdookupsand efficient access of ordered records.

The Pllowingis the SQL script used to produce all database indéxesoth NSF_Scopuand
NSF_production)

External FileB: Create_Scopus_database tables_index.sql

2.4 Indicators

This section presents the bibliometric indicators computed as part of this study.

2.4.1 Number of publications

The traditionawidespread flication count is one means of measuring and comparing the production
of various aggregates (egganizationgegions and countries). It can also be used to evaluate output
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in individual disciplines, such as philosophy and economics, and to tdsckntresearch fields,
collaborative research and many other aspects of research output. A number of other indicators can
also be derived from these simple counts. Full and fractional counting areptireipvadways of

counting the number of papers.

Full counting

In the full counting method, each paper is counted once for each entity listed in the address field. For
example, if a paper is authored by two researchers from the University of Oslo, one from the University
College London (UCL) and one frdme University of Washington, the paper will be counted once for

the University of Oslo, once flCL and once for the University of Washington. It will also be
counted once for Norway, once for th&Uand once for thé).S.When it comes to groups of
insitutions (e.g., research acamig) or countries (e.ghe European Unioyy double counting is
avoided. This means that if authors f@matisand France epublish a paper, when counting papers

for theEuropean Uniotthis paper will be credited only eneven though each country will have been
credited with one publication count.

Fractional counting

Fractional counting is used to ensure that a single paper is not counted several times. This approact
avoids the use of total numbers across entitiesgsegrcher, institution, region, country) that add up

to more than the total numbers of papers, as is the case with full counting. Ideally, each author on a
paper should be attributed a fraction of the paper that corresponds to his or her levidaifquairic

the experiment. Unfortunately, no reliable means exists for calculating the relative effort of authors on a
paper, and thus each author is granted the same fraction of the paper.

For this study, fractions were calculated at the level of resedrtithe example presented for full
counting fwo authors from the University of Ostme from UCL andone from the University of
Washingto)) half of the paper can be attributed to Norway anduwaréer each to theKl and the

U.S when the fractian are calculated at the level of researchers. Using the same approach for
institutions, half of the paper would be counted for the University of Oslo amdadee would be
attributed each to UCL @ihe University of Washington.

This approach divergesrh that used in the previous editionhefSEI becausthe dataset from SCI
and SSCdloesnot allow for fractionation #teauthor level. In the previous edition, the fractions were
calculated at the institution level. Therefore, in the previous gaahtéme, the University of Oslo,
UCL and the University of Washington woulbalkbeenattributeda third of the paper.

2.4.2 Collaboration

In the context of bibliometrics, scientific collaboration is measureguiylicationsA co-publication

is definedas a publication that wasautthored by at least two authors. When a publication involves
only authors from one country, it is defined as a national collaboration. When at least two different
countries are identified among the addresses of authors pobtivation, it is defined as an
international collaboration. A publication can involve national and international partnerships
simultaneously if more than two countries are involved with at least one of the countries being
represented by more than on¢hau on the publication. In some tables, staisticshave been
presented for different types ofanathorship:

A With multiple institutions : Articles with two or more institutional addresses.
A With domestic institutions only: Articles with one or more instional address all within a single
country/economy.
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A With international institutions: Articles with institutional addresses from more than one
country/economy.

2.4.3 Index ofcollaboration

The Index ofcollaboration(IC) provide an indication of the preferencé two countriesto
collaboratelt compares the number of papersathored between the two countries with the number
of co-authored articlebat wouldhaveresuledfrom a random selection of partnerogintries The
index is calculated as foldow

ez A 2O 0 where
00 wWwWw—— +— ,
0 (o] ICyxy Index of collaboration between country x and country y
Cyy Number of papers eauthored between country x and country
Cx Total number of international-aathorship by country x
G Totalnumber of international @uthorship by country y
Cu

Total number of international-eathorship in the database

2.4.4 Scientific impact analysisd Citations andjournal impact factors

An important part of scientific excellence is gaining recognitiondrbmi @ agues f or one
accomplishments. Although this recognition can be expressed in many different ways, references to
scientific publications are often considered to be explicit acknowledgements of an intellectual
contribution. As such, the maescientific article or publication is cited, the greater its impact on the
scientific community, and the more likely it is to be a work of great quality. This is the basic assumption
t hat underlines the wvari ous ilnydsiiesaitator cuntg,r oup e
journal impact factors, and the various waysrtoalizehen).

Before going into the details of specific indicators, it is important to highlight a number of issues related
to the act of citing itself. One issue of cortantegarding citation analysis concerns what exactly is
being measured through citation analysis. As mentioned above, it is often believed that citation analysi:
measures the impact or the quality of an article. References are the practice of ackm@wiedging

work that has been important in the production of the referencing article. However, the notion that
measuring citations will be a good indication of the quality of a paper has been widely debated.
Motivations for citing can be unclear, which dvandermine the idea that papers are cited because
they make an important contribution to science. A variety of reasons can explain why a citation is given
by onescientific article to another, and not all of them are linked to the quality of the hexked t

article. Critics have thus questioned the validity of citations as measures of research visibility, impact ol
scientific qualit§8 but these measures remain widely used as few alteexatvibat would be more

objective and cosfffective Whenthe law of large numbers are maintained and studies are correctly
designed, the idiosyncratic uses of citations are tartigdyedand citations can therefore be used

with ahigh level of confidence.

2Tijssen, R. J. W., Visser, M.,S. & Van Leeuwen, T. N. (2002). Benchmarking international scientific excellendedAeséayhly mapers an
appropriate frame of referen&efentometric€3)5888397.

3van Dalen, H. P., & Henker&. (2001). What makes a scientific article influential? The case of demd@gagtiensetric3)5@56482.
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Citation count

The number of citations receiveda scientific article or publication is considered a measure of the
impact of that contribution on the scientific community, and the higher the number of citations, the
greater the scientific impact. The number of citations can be aggregated tcikst@lisbunts for

an individual scientist, a research group, a department, an institution or a country. A number of
problems can be associated with absolute citation counts. Citation practices are different between sub
fields of science, such as physihamistry and colloidal chemigtryt thus seems the validity of
comparing scientistsd performance working 1in
considering the fact that citations accrue at different rates depending on @iafiefdcounts are

indeed affected by the time period over which they are counted, and the importance of this factor has
beencharacterizely a number of autho¥s8

Absolute citation counts are a Jvergrecisavay to benchmark scientific performaasesome of the
above critiques demonstrate. The preferred way to use citationssteratific impacare through
the use ohormalizedrelative citation counts.

Average of relative citations (ARC)

A highquality paper in a field where fewer citatiare given could receive fewer citations than an
average paper in a field with heavy citing practices. It wouldrigatrbasto compare these papers

on absolute terms. A number of indicators have been developed to take these field specificities into
account. They are called average relative citation measures

One way to increase the finesse of citation counts is to calculate them relative to the size of the
publication pochnalyzedor better, to the citation performance expected for the sciegitifiorfsub

field. In the first instance, the number of citations accrued by an individual scientist, an institution or a
country for a specific set of articles is divided by the number of articles in that set. The assumption here
is that the number of ditans received by the individual, institution or country is closely linked to the
number of articles published. To further increase the finesse of the citation analysis, the results of this
citation per publication ratio can be compared to an expedied c#ate, which is the citation per
publication ratio of all articles in the journal or the subfield where the research unit publishes. This
additional sophistication is based on the assumption that practices in different scientific subfields have
an impat on the citations normally received in that field, and that comparison of the unmodified
citation to publication ratio between different fisldsirigorous

The average of relative citations (ARC) used by Sdietnioeis an indicator of the scientimpact of

papers produced by a given entity (e.g., a country, an institution) that takes into consideration the fact
that citatiorbehaviowvaries between fields. For a paper in a givéieldubased on the classification

of journals described prevabuin this sectignthe citation count is then divided by the average count

of all papers in the relevant subfield (e.g., astronomy & astrophysics) to obtain a relative citation count
(RC). The ARC of a given entity (e.g., a country, an institutioe)agetage of the RC of papers
belonging to it. When the ARC is above 1, an entity (e.g., country, institution, researcher) scores bettel

4 Braun, T. (2003). The reliability of total citation rankiogsial of Chemiéainration and Computer SE¥)c4546.

SFrangenT.F. (2005. Journal interactioA. bibliometric analysis of economics jourdalgnal of Documen®ii{j, 386401.

6 Frandsen, T.F., & Rousseau R. (28083le impact calculated over arbitrary peridmignal of the American Societyrfatibn Science and
Technolo§§(1), 5862.

7 Moed, H. F., Burger, W. J. M., FrankfbrG, & Van Raan, A. J. @985)The use of bibliometric data for the measurement of university
research performané&esearch Pdli3),1315149.

8Van Ran A.J.F(2003. The use of bibliometric analysis in research performance assessment and monitoring of interdisciplinary scientific
developmentd.echnikfolgenabschataing0529.
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than the world on average; when it is below 1, an entity publishes papers that are not cited as often a:
the world oraverage. The ARC is calculaieébllows:

where

ij,y Paper from an entity which falls in a specific supéatiipublished in
periody
N Sy aCk] . OQ Cij,y Citations to papey,y
&a ®T Qo T Total number of papers from a given entity
8%1,y=1g by == ij,yt Citations tgaperkj yduring the periogt which falls in a specific
subfield and published in perigd
Ty Total number of papers from subfigfdiblished in periog
W Years where citations to paggyare considered

Highly cited publications and citation percentiles

In order to compute the proportion of papers of an entity that are in the top x% most cited papers, the
top X% most cited papers at the world level must first be determined. In order to take into account the
variations in citation behaviorween the disciplines and over time, the top x% for the whole database

is composed of the top x% for each discipline for each given year. Because some publications are tiec
based on their citation score, including all publications in the database d@hetdtarescore equal to

or greater than the x% threshold would often lead to the inclusion of slightly more than x% of the
database. To insure that the proportion of publications in the x% most cited publications in the
database is exactly equal to xthe@tlatabase, publications tied at the threshold citation score are each
given a fraction of the number of remaining places within the top x%; for example, if a database
contains 100 publications then the top 10% should contain 10 publications. Rigsketdng order

of their citation score, if the 9th, 10th, 11th and 12th publications all have the same score, they are eact
given a quarter of the remaining two places in the top 10% (0.5 publications of the top 10% each). In
addition, in some cases thanber of places in the top 10% most cited publications is not an integer
(e.g., if there are 11 publications in the database, there should be 1.1 publications in the top 10%). In
this case, there is a dual fractionation in the case of ties at thedthresleample, if there are no

ties in the citation score of papers at the threshold, the paper with the highest score is given a count of
1 and the second paper is given a count of 0.1. If three papers are tied in second place behind the firs
paper, thg are each given a weight of 0.033 (i.e., 0.1*1/3); if the top two papers are tied, they are each
given a count of 0.55 (i.e., 1.1/2); and so on.

Foll owing this process, the proportion of pape
cited @mpers can be computed. An entity with x% of its papers in the top x% most cited papers would
be considered to be on a par with the world level. Both full and fractional counting of publications can
be used. In fractional countitiggre could thus keetrple fractionation (i.e., a tie on the citation score,

the x% is not an integer and the paper-autiwored).

2.4.5 Fractioning ofcitations

The preparation of the next two indicators requires pénfptime fractioning of citations acrdsxh

citing and citedrticles using double fractioning caturtsat is, by fractioning citing articles and their
corresponding cited articltsthe same tineg the author level (see SecBchlfor details on how to
fraction articles). Doing ®mable allocating the rightful fractions of citations to each pair of citing
authofcited author. Indeed, after performthg fractioning ofciting articles andited articles, the
final fraction associatedth each pair of citinguthobcited author ishen simply the product of the
fractions associatedth each authofTableVIl presents the case of one citing article and one of its
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cited articles. The citing article was published by six authors indexed under five atidectizes,

cited article was published by three authoderfour addresses. In each case, the corresponding
fraction of the article being assigned to the author is displayed in the table, based on the total number
of authors (e.ga fifth of the articléy authors on the citing article, and additional fractioning of that

fifth across addresses for authors indexed on more than one address) and each possible pair of citing
author, citing address, cited author and cited address is prepaosd below. Smmming across all

these pairs results in a total of one, the citation comingf®document to another always adding

up to one citation, avoiding duplication in the counting.

Table VII Example of citation fractioning on a pair of ¢ iting dcited articles
" ) Sequence Sequence of Fractional count  Country of . - Sequence Sequence of Fractional count  Country of Fr?cFLf)na/LI '(;Ozm

Citing article address on authoron  On citing article author on citing Cited article address on  authoron  on cited article author on cited of cltingrette
Scopus ID . . " X . Scopus ID . . X X . pair

citing article citing article (FRiing article cited article cited article (FRied article
(F%mngx FBiled)

29969137 1 1 0.067 Australia 33748479481 1 1 0.167 Australia 0.011
29969137 1 1 0.067 Australia 33748479481 1 2 0.167 Australia 0.011
29969137 1 1 0.067 Australia 33748479481 2 2 0.167 Israel 0.011
29969137 1 1 0.067 Australia 33748479481 3 3 0.333 Australia 0.022
29969137 1 1 0.067 Australia 33748479481 4 1 0.167 United States 0.011
29969137 1 2 0.100 Australia 33748479481 1 1 0.167 Australia 0.017
29969137 1 2 0.100 Australia 33748479481 1 2 0.167 Australia 0.017
29969137 1 2 0.100 Australia 33748479481 2 2 0.167 Israel 0.017
29969137 1 2 0.100 Australia 33748479481 3 3 0.333 Australia 0.033
29969137 1 2 0.100 Australia 33748479481 4 1 0.167 United States 0.017
29969137 2 2 0.100 Israel 33748479481 1 2 0.167 Australia 0.017
29969137 2 2 0.100 Israel 33748479481 1 1 0.167 Australia 0.017
29969137 2 2 0.100 Israel 33748479481 2 2 0.167 Israel 0.017
29969137 2 2 0.100 Israel 33748479481 3 3 0.333 Australia 0.033
29969137 2 2 0.100 Israel 33748479481 4 1 0.167 United States 0.017
29969137 3 1 0.067 United States 33748479481 1 1 0.167 Australia 0.011
29969137 3 1 0.067 United States 33748479481 1 2 0.167 Australia 0.011
29969137 3 1 0.067 United States 33748479481 2 2 0.167 Israel 0.011
29969137 3 1 0.067 United States 33748479481 3 3 0.333 Australia 0.022
29969137 3 1 0.067 United States 33748479481 4 1 0.167 United States 0.011
29969137 3 3 0.200 United States 33748479481 1 1 0.167 Australia 0.033
29969137 3 3 0.200 United States 33748479481 1 2 0.167 Australia 0.033
29969137 3 3 0.200 United States 33748479481 2 2 0.167 Israel 0.033
29969137 3 3 0.200 United States 33748479481 3 3 0.333 Australia 0.067
29969137 3 3 0.200 United States 33748479481 4 1 0.167 United States 0.033
29969137 4 4 0.200 United States 33748479481 1 2 0.167 Australia 0.033
29969137 4 4 0.200 United States 33748479481 1 1 0.167 Australia 0.033
29969137 4 4 0.200 United States 33748479481 2 2 0.167 Israel 0.033
29969137 4 4 0.200 United States 33748479481 3 3 0.333 Australia 0.067
29969137 4 4 0.200 United States 33748479481 4 1 0.167 United States 0.033
29969137 5 5 0.200 Australia 33748479481 1 2 0.167 Australia 0.033
29969137 5 5 0.200 Australia 33748479481 1 1 0.167 Australia 0.033
29969137 5 5 0.200 Australia 33748479481 2 2 0.167 Israel 0.033
29969137 5 5 0.200 Australia 33748479481 3 3 0.333 Australia 0.067
29969137 5 5 0.200 Australia 33748479481 4 1 0.167 United States 0.033
29969137 6 1 0.067 Russia 33748479481 1 1 0.167 Australia 0.011
29969137 6 1 0.067 Russia 33748479481 1 2 0.167 Australia 0.011
29969137 6 1 0.067 Russia 33748479481 2 2 0.167 Israel 0.011
29969137 6 1 0.067 Russia 33748479481 3 3 0.333 Australia 0.022
29969137 6 1 0.067 Russia 33748479481 4 1 0.167 United States 0.011
29969137 33748479481 Sum of fractioned citations: 1.000

Note: The citing article was published in 1996, thus cited articles accounted for here are those published

between 1996 and 1998.
Source: Prepared by Sciencé/etrix using Scopus (Elsevier)

2.4.6 Relative citation index

For this indicatomlata is presented according to the publication year of cited articles, and citations are
counted using a fixed citation window of three years (i.e., citatiors dommment published in
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publication year up until publication year + 2). This is in cdotthstata prepared for the SEI 2014

for whichdata was instead presented based on the citation year, and for which a lag of two years was
applied before counting citations to articles from the past in-gahrestation window (i.e., data for

2012 ounted citations made in 2012 articles to articles published during 82€1Z0@&riod)A

threeyear citation windowas been used here in order to keep some grounds for comparability with
the indicators produced for SEI 2014. However, as the scanesnaaibzed with the average for the
subfield in the same year, a longer window could have been used. This could be implemented in
subsequent edition$the SEI

Normalizing citation counts by a courstationpobs put
the data. The expected share of citations that one country receives from another depends on the
number of articles that the cited country produces. For instance, assuming thatabdeuth®ed

about 22% of all 2010 articles, it would serasd that, all thing being equal, each country should
make 22% of their citations to 2010 paptts.S.publications for the pool of articles covered during

this period, those above this level showing a preféoertng the U.S. and those belowngitine
country |l ess frequently than expedtSarttlesbpthevi di n
expected share given the size of output oUtBein 2010 results in a relative citation index. For
instance, if 25% of allhinds citatics to publications published in 2010 afd.&publications, and

the U.S.published 22% of all articles released in 2010,0@@latowards thé).S.would stand at
25%/22%=1.14.

To account for all citations between coupdiys, the fractioning preses above atableVIl needs

to be prepared for every pair of cidrited articles in the database. Note that both citing and cited
articles have to be pegewiewed documents to be included in this analysis. Producing such data
requires heavy computation power as fractioning both citing and cited articles and looking all the
possible combinations in the database results in billions of pairs. In the end, the number of citations
made fromone country to another is simply the sunfrattioned scores associatgth each pair,

with the sum across all possible pairs adding up to the total number of citations made at the world level.
TableVIll presents the total per country pair for the case presented tababke¥ll . Just ait is

supposed to be, the sum of citations across all pairs of countries do add up to a count of one citation.
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Table VIII Citations counts between country pairs for a pair of citing dcite d articles

Cited Country Citing Country Fraction of Citation

Australia Australia 0.244
Israel 0.067
Russia 0.044
United States 0.311

Australia Total 0.667

Israel Australia 0.061
Israel 0.017
Russia 0.011
United States 0.078

Israel Total 0.167

United States Australia 0.061
Israel 0.017
Russia 0.011
United States 0.078

United States Total 0.167

World All countries 1.000

Note: The calculation refers to the case presented dtable VIl

Source: Prepared by Sciencé/etrix using Scopus (Elsevier)

The share of citations of a country at the@ntie processs simply the sum of citatioreceived

from all countries divided by the total number of citations at the world level. Indpeesaseedh

Table VI, Australiads share of the citations stan:t
U.S. at 16.67%, whiaddsup to 100%.

2.4.7 International citations

The share of citations to a given country/region thatr@re abroads an indicator allowintpe
identification ofthe origin of its citations. This indicator is prepared using the same fractioning
presented above and detaifedn example diableVIl. The difference is that instead of only adding

up all citation cousto a country across pairs to obtain the number of citations, a total is also compiled
for citations coming from outside the counifthe ratio of both citation counts results in the share of a
countryds <citations that are frominiTabke¥lli,nat i or
Australiads share of internal+0.oM4+8.811/@66%) tortthisons
pair of citingcited aricles.
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3 Patenting indicators

The patentingindicators in this report were produced using dmouse implementation of the
LexisNexis patent database from Elsevier, which provides data from mtdiiplefpees. These

offices include the United States Patent and Trademark Office (USPTO) and the European Patent
Office (EFD), bothof which weraised to prepare the analyses for the SEI indicators. To accomplish
such aask, the LexisNexis database le@s lwarefully conditioned for the production of iscgke
comparativgatentinganalyses. Theatentingndicators included in the previaditions of theSEI
wereproduced byhe Patent Board usirgata from the USPT@nd EPO The differences between

the two databases and the implications of these differences for the production of bibliometric indicators
for the SEI will be briefly summarized further in this section.

For this project, the indicators are computed on all granted utility patents; BiltDehiSncludel

documents classified under kind codes A (i.e., for patents granted beefoeey 2001), and B1 (i.e.,

for patents granted starting ®danuary 2001 with no previously publishedrare publication) and

B2 (i.e., for patents grantsthrting on2 January 2001 having a previously publishedrare
publication and available March 2001). Other types of granted patents were excluded from the analysis
including design patents @)dplant patents (P). At the EPO, granted patentsvitr@usedin the
analysisncludel code types B1 (i.e., European patent specification for granted patents), B2 (i.e., new
European patent amended specification after opposition procedure) and B3 (i.e., European patent
specification after limitation proceglu In the context of technometrics, these documaets a
collectively referred to patents

3.1 Database

The analysesere mostly prepared using data from the USPTO indexed in LexisNexis. The database
provides details on patents such as full titles amdcéhsthe country and state (when available) of the
inventors and applicants, as well as names of the inventors and afspptiaatds arerganizations

in most cases, batesometimeindividuals when the patent is not assigned to any organizagion. T
database also provides information on three classification scheftdeS:nigonal classes (USPC
classes), the World Intellectual Property Organization (WIPO) International Patent Clasmed (IPC)
classes from the European Classification SystdrA)HEE&xisNexis is suitable for the production of
technometric ata from 1996, whereas patent data in the previous round of the SHrgetye
prepared from 1992 to the present.

It is important to note that the preparationpatentingindicators using 8PTO data results in a
positive bias in favor of theS, as a larger share of inventors at the office are frdhSlmmpared

to the U.S. share of world population. This is common at patent offieeinventors from a
geographical areaore frequentlyend to protect inventions in their own regional mafrketsame
phenomenon is observed in Canadeere the vast majority of patents at the Canadian Intellectual
Property Office (CIPO) are allocated to Canadians, and also at the European PateBPQ)fice (
where Germany, France and thi€.dll havenanymore patents than any other countries.

Finally, as previously mentioned, EPO data in LexisMendalso required to prepare a fefathe
2016 indicators. Overall, the information available for tA® Ppatents is mostly similar to that
available for the USPTO patents.

January 2016

©Science -Metrix Inc. SCience 21




Bibliometrics and Patent Indicators for the Science and Engineering Indicators 2016

Technical Documentation

3.2 Databaseimplementation

The LexisNexis patent data is provided by Elsevier on an external hard drive containing a single

directory for every patent office. Considering the scope oépbis, only thé).S.and EPO patent

of fices
and these directories in turn contain adsubr ect or vy
officelyearcorh i nat i on

ar e

of

nterest

are archi

named
ved in

Edirectoriepfa every ytear of tdvdaragee
oXml 6.

P66 files

In order to read and process the patent data, all archives files are first inflatetleBorehas
developed a parser written in C++ (http://en.wikipedia.org/wiki/C%2B%2Bd&tariibrary) to

parse this data into tabparatestalues flat files suitable for import into a relational database. The
mapping of xml tags SQL columns is presented in the Appendix. The resulting database is structured a:

follows:
patent PatCit Mational_Class IPCR_Class LegalEvents
L pat_number L pat_number L pat_number L pat_number L pak_number
L pat_kind | sea | sea | sea | sea
L pat_date L ref_number L main_class L reform L pub_date
L pat_tvpe L ref_kind L main_subclass L [lesel] L event_code
appl_number ref_country main_text section effect
: appl_kind : red_date : class : class : description
L appl_date L ref_appl_date L subclass L subclass L skatus
L appl_tvpe L text L main_group L docdb
L Litle L subgroup
|| abstract MNPLCit L symbol_position
| uid | pat_rumber CompleteFamily | value eTilngs
seq | pat_number | office pat_number
ref I ] status | primary_esxarminer
priorit\;—claims wtf - doc_number | source i assistant_examiner
pat_number _ | kind | text o -
= seq i counkry
: country inventors | daie ECLA Class
| doc_number pat_number __| appl_date CPC Class paEnumber
] doc_kind | sea L Farnily_id pat_number : seq
L doc_date narne ] seqg B section
state B section | dass
B country applicants = class subclass
IPC_Class data_formak | pat_number — abdlass T main_group
L pat_number | statez | sea o hain_group [ subgroup
i edition i orgname T subgroup : raw_texk
— section ] argname_std [ symbol_position
| class MainFamily | oraname_std_type T
— SUb_dass | pat_number | crgname_normalized | office applicant_sector
| main_group | sea L orgname_normalized_key | status argname
| subgroup | doc_number | state = cource = cectar
| qualifying_character | kind | country = et = Orgnams,_cleaned
| et | country data_Farmat — —
| date : statez
L appl_date
L Family_id
Figure 4  LexisNexis database structure
Source: ScienceMetrix

The parser comes as a package contained in the following folder:
External File9: XML Parser LexisNexis (folder)
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3.3 Data standardization

3.3.1 Mapping of patents by technical fields

In SEI 2014 patents were matched on a classification scheme of 35 technical fields developed by the
Patent Board. This mutually exclusive classification assigned IPC patent codes to technical fields
defined by the Patent Board, and th&sifleatiorutilizedexisting classification schemes, including one
developed by the World Intellectual Property Organization (WIPO). Given the similarities between
both classification schemiS§F and Scienddetrixdecided that the indicators for therent edition

would be prepared based on the freely disseminated WIPO classification scheme instead of the
proprietary one developed by the Patent Board.

The WIPO classification scheme consists of 35 technica? figtldsmain objective behind the
developrent of sucha classification was to provide a tool for country compatsdhe technical
fields defined by this classification are listEaldel X .

Table IX Classification scheme for the production of S Elpatenting indicators

Technical Fields

Analysis of biological materials Macromolecular chemistry, polymers
Audio-visual technology Materials, metallurgy

Basic communication processes Measurement

Basic materials chemistry Mechanical elements

Biotechnology Medical technology

Chemical engineering Micro-structural and nano-technology
Civil engineering Optics

Computer technology Organic fine chemistry

Control Other consumer goods

Digital communication Other special machines

Electrical machinery, apparatus, energy Pharmaceuticals

Engines, pumps, turbines Semiconductors

Environmental technology Surface technology, coating

Food chemistry Telecommunications

Furniture, games Textile and paper machines
Handling Thermal processes and apparatus

IT methods for management Transport

Machine tools

Source: IPC Technology Concordance Table

This classification scheme is mutually excltisateis, no IPC code is assigned to more than one
technical field. Furthermore, all IPC codes are assigned to one technical field, the few unmatched codes
left behind mostly the product of errors in the assignment of IPC codes to patents. In rare cases, these

9 Classification scheme from IPC8 codes to technical fields.|&wedlitth://www.wipo.int/ipstats/en/statistics/technology_concordance.html

10 Concept of a Technology Classification for Country Comparisons. Available at
http://www.wipo.int/edocs/mdocs/classifications/en/ipc_ce_41/ipc_ce_4dniex1.pdf
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IPC codes were assigned to an additional catagiledJUnclassifisd that the sum of patents across
technical fields would add up to the total number of patents.

Additionally, to make sure that the sum of patents across technical fields added up to the total number
of patents, it was necessarprepare patestouned fractionallypy technical field as more than one

IPC code can be assigned to patents, resulting in patents matching more than one technical field. As
such, patents were fractioned according to the number of IPC codes to whrehatbsygreed, using

WI POds advanced <cl assi fi cat scleemecompare@ tanehe code e . ,
classification scheme), each IPC code receiving an equal weight. For instance, a patent assigned to thr
different IPC codes would see each e$¢hcodes receive a third of the patent count. Then, following

the matchng of these IPC codes to the technicaldi¢le total per technical field was simply prepared

as the sum across the IPC codes matching to each corresponding technical filldifighexample

in TableX details this process for one patent.

Table X Example of a patent fractioned by technical fields according to IPC

codes
- IPC F:odes Technical Field Patent fraction
Section Class Subclass Main group Subgroup IPC Concordance

B 5 B 13 6 B05B% Chemical engineering 0.125
B 5 C 19 4 B05C% Surface technology, coating 0.125
B 5 D 1 12 B05D% Surface technology, coating 0.125
B 5 D 3 2 BO5D% Surface technology, coating 0.125
B 5 D 1 2 B05D% Surface technology, coating 0.125
F 16 B 39 34 F16B%
F 16 B 33 6 F16B%
F 16 B 39 22 F16B%

Total fraction of patent by technical field

Chemical engineering 0.125

Surface technology, coating 0.500

Total 1.000

Source: Prepared by Sciencé/etrix using thelPC Technology Concordance Table

(http://www.wipo.int/ipstats/en/statistics/technology_concordance.html)

External FilelO: IPC Technology Concordancebleatxt
or online at http://www.wipo.int/ipstats/en/statistics/technology concordance.html

3.3.2 Mapping of patents in clean technologies

The SEI report presesstatistics @ording to a set of patents associattdclean technologies. The
statistics are based on categories developed by the Patenh@srandNSF contractusing keyword

queries in titles, abstmatlaims and the full text version of patents. The dategoe also defined
using patent codes (e.g., | PC codes, ECLA <coc
Overall, four main categories are defined: alternative energy technologies, energy storage technologie
pollution mitigation technologiesnd smart grid technologies. These four categories comprise 28
subcategories, which are detaildabieXI.

However, even though the statistics for the current editibie $EI arebased on this classification,
notable diffeences exist between both editions. The first reason behind these changes is the
information available in LexisNeX¢hile the original patent mapping on clean technologies by the
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Patent Boardisel keyword searches in titles, abstracts, claims andtfubtrgans of patents, only

titles and abstracts are available in LexisNexis, which limits not only the fields in whichckeywords

be searched to retrieve relevant patents, but also limits exclusion queries that are prepared to remov:
incorrecty retrieved documents. In many cases, Seiet@x modified the queries to search in the

titles and abstracts instead of in the claims or in the full text.

Additionally, the queries developed by the Patent Board were run on a service by Thomsoat Reuters
uses ts own defined functions to retrieve patent
for instance ONear 406 or ONear86, and o0Adj 20) .
T-SQL without using such functions. In some case,ahgldtion was not perfect. This resulted in

some tiny differences between the numbers prepared in the current and previous rounds. As such, it is
important to keep in mind these comparability issues. Nevertheless, the new indicators are consistent
with theindicators presented in the previous edition.

Table XI Clean technologies technical areas

Alternative energy Energy management

. Energy storage . Pollution mitigation
production 9y g (smart grid) g
Bioenergy Batteries Advanced components Recycling

Sensing and .
Geothermal Flywheels g Air
measurement
Superconductin Advanced control .
Hydropower P . g Solid waste
magnetic energy methods
. Improved interfaces ani
Nuclear Ultracapacitors p_ . Water
decision support
Solar Hydrogen production Integrated Environmental
and storage communication remediation
Wavel/tidal/ocean Thermal energy storage Cleaner coal
) . Carbon and greenhoust
Wind Compressed air g
gas capture and storage
Electric/hybrid vehicles
Fuel cells
Source: Classification based on the classification of clean technologies by the Patent Board

External Filel1l: Patent number to clean technology.txt

3.3.3 Mapping of patents to NAICS codes

In the previous edition of the SEI, statistics regarding patent applications and grants by industry
(Statistics table A42)werebased orthe dominant business codes of compaiedomestic R&D
performance as reportdty U.S.| ocat ed compani es BusirespR&D éndn g t
Innovation Survey. Given that ScielM@rix was not in possession of the findings from this survey at
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the time of data production, patents were insteztched to the North American Industry
Classification System (NAICS) industrial codes based on a concordance table beth®en the
classification of patents and NAICS codes. This conversion table has been developed by the USPTO
Patent Technology Monitog Team and is available at:
http://www.uspto.gov/web/offices/ac/ido/oeip/taf/naics/naics_toc.htm

The new statistiéer SEI 2016re not comparable withoseof the pre@ious editiorior the following
reasons:

A In SEI 2014, the NAICS was attributed to the applicant based on its type of industry. In this table, the
NAICS are attributed to each patent based on a conversion table betWenléssification and
the NAICSclassification. For example, a patent by Burger King on a novel plastic container would be
classified in food (311) in SEI 2014 (based on the sector of activity of Burger King), but would be
classified in Plastics and Rubber Products (326) in the aielecfitased on theS.patent class).
These are two appropriate approaches, but do not measure the same parameters.

A After careful examination, the correspondence table béhGegasseand NAICS codesas
signficant problemseverdl.S.classeslo ot match any NAICS8obdes and t hus sever al
be classified into a NAICS sector. The correspondence bet&eassand NAICScodeis often
far-stretched or is very general, allowing for less disaggregated statistics to be prepared with this
approach than with the previous method.

A Only about half of USPTO applications haMeSaclassavailable in LexisNexis. Again, this means
t hat several applications candt be |linked to a

External Filel2;: USClasgo NAICS.txt
Or: http://www.uspto.gov/web/offices/ac/ido/oeip/taf/naics/naics toc.htm

3.3.4 Linking citations to nonpatent literature to bibliometric database

This section peents the various tasks that were performed in order to link patents with scientific
publications by using the references made to scientific publications within patents.

Extracting references

Al l referencmeast @ mtg gleidt ears adduthelds® TOdated B008aad up wetres f r
first extracted from the LexisNexis patent database. This represents 19,557,755 reference strings.

Althoug h  n a mepdtentliteatnd the field contains a large amount of references to patent
literature. It also cetmins numerous references to -somntific literature such as handbooks,
instruction manuals, Wikipedia pages, and so forth. Here are a few examples of reference strings tc
patent | iteratur-patwewnbdonbl yetaggebdseiasnonhbea Lexi

A International Searching Authority, International Search Report [PCT/ISA/210] issued in International
Application No. PCT/JP2004/017961 on Feb. 1, 2005.

Israeli Patent Office, Office Action issued in Israeli Application No. 187840; dated M. 10, 201
New Zealand Patent Office, Office Action in NZ Application No. 563863; issued Jul. 1, 2010.
Russian Patent Office, Office Action in Russian Application No. 2007148992; issued Jun. 23, 2010.
European Patent Office, Supplementary European Search Repdfetial2, 2010 in European
Application No. 04819909.5.

> >y > >
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And a few examples of reference strings leading to material that is neitberepesel scientific or
patent literature:

A Webpage CLEAT from http://ezcleat.com/gallery.html dated Apr. 19, 2011.

A Automotive Handbook, 1996, Robert Bosch GmbH, 4th Edition, pfL7B70

A Periodic Table of the Elements, version published in the Handbook of Chemistry and Physics,
50thEdition, p. B3, 19691970.

A Microsoft aggressive as lines between Internet, TV bluddat2g,

Here is an example of a proper reference string toepemved scientific literature with the various
elements of bibliographic informationdicaedin different colors:

A Grinspoon, et gl
;0 Clin Endocrinol MetaMay 199,/825): 13327.

Authors , JournglDate Volume IssugPages

Pre-processing: References not containing a date

In order to ease the highly compuiimgnsive process armdnable the production of valid statistics

in regard to the performance of the matching algorithm, this data must first be reduced to references to
scientific material only. The first step eliminates all reference strings not containing a date, or more
specifically, a year. Moreover, the Scopus database only indexes scientific material from 1996 and ur
rendering matches for material prior to 1996 impossible. By removing reference strings not containing a
year or containing a year prior to 1996, the gowlatchable references is reduced to 13,101,891
references.

Pre-processing: Removing references to patent literature and generic material

Identifying references to peeviewed scientific literature within this pool is an easy task if recall is not

a conern. If, however, the goal is to identify all references toepemved scientific literature within

the pool, the task becomes extremely arduous. It is easier and much more efficient to eliminate
reference strings that are obviously patent relatethbtggeneric material and deem the remainder

valid candidates for a match.

N-grams are contiguous sequencesteims from a given sequence. In this case, items are words and
sequences are reference strings. Studyinfydgjgbney fgrams is a veryfigient way of separating
noise from useful data in a corpus. For example, the 10 most fregpaens & the original pool of
19,557,755 reference strings are as follows:

RANK 2-GRAMS FREQUENC
1 ET AL 9057092
2 UsS 2385810
3 APPL NO 2036765
4 S APPL 2024620
5 OF THE 1492354
6 OFFICE ACTION 1159499
7 JOURNAL OF 954351
8 APPLICATION NO 800897
9 NO 11 794935
10 SEARCH REPORT 760949
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In this small subset ofgamsthere aresix expressions that are obvious smoking guns for patent
literature (U SAPPL NO, S APPL, OFFICE ACTION, APPLICATION NO, SEARCH REPORT),

two expressions very common with scientific literature (ET AL, JOURNAL OF) and two other
expressions that are so generic as to be useless in this context (OF THE, NO 11).

Using this informatn combined with the knelow of experienced SciefMetrix analysts, a black

list was created. This black list contains phrases and expressions that idedigytifioriterature

with a high degree of confidence. By running this list against tbérpéerence strings and removing
any that contain at least one blatkd expression, the pool was reduced from 13,101,891 to
5,577,941.

Matching references to scientific literature
Using advanced fuzzy matching algorithms, these references weagagstedrticle entries in the
Scopus database.

Numerous techniques, including direct string matchingf-bagds models, candidate clustering and
supervised machine learning were used to match the reference strings to actual articles. The matchin
algprithm was tuned to favor precision at the expense of recall. A total of 3,536,647 (67%) references
were matched with high confidence to scientific literature in the Scopus database. The complete
matching table is provided in an external .txt file.

Externd File13: Patent number to Scopus ID.txt

A large share of the remaining references arsciemmific references, references to scientific articles
not indexed in the Scopus database, or references lacking informatiideiotlyomatch them to a
publication. Here are examples of unmatched references:

A Cohen et al. Microphone Array PBtering for NorStationary Noise, source(s): IEEE, May 2002.

A Mizumachi, Mitsunori et al. Noise Reduction by Pii@dphones Using Spied Subtraction,
source(s): 1998 IEEE. pp. 14@D4.

A Demol, M. et al. Efficient Nedniform TimeScaling of Speech With WSOLA for CALL
Applications, Proceedings of INSTIL/ICALL2004 NLP and Speech Technologies in Advanced
Language Learning Systems Vehine1719, 2004.

A Laroche, Jean. Time and Pitch Scale Modification of Audio Signals, in Applications of Digital Signal
Processing to Audio and Acoustics , The Kluwer International Series in Engineering and Computer
Science, vol. 437, pp. Z®, 2002.
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3.3.5 Data standardization: country, country groups, regions

To provide comparisons acrossntaas and regions, data at the regional and national levels are
presented ithe SEL It is fairly simple to identify publications at the national level in USPTO patents
since tweetter country codes of inventors and applicants are provided in LexidiMekexisNexis
documentation includes conversion table from country codes to country n&uescévetrix
matchedcountry groups and regionsing the LexisNexis conversion tablkich allows quick
identification of all countries included under eaahtry group or region. Note that the aggregation of
country groups and regions described above was performed after implementing corrections to country
codes in the database. These corrections are detailed below.

During data productioit,wasdiscoverethat information on country affiliation in the tables providing

details on inventors and applicants was missing, with most of applicants and inventors being unassigne:
for the period 20@R004. To correct this, freely availableedata from the USPT@ere usedb fill

these gapsn LexisNexis. This dataas made available to the public free of charge following an
agreement between Google and the USPTring importation of this data, some problems
regardinghe alignment of both databaseere foundi.e., LexisNexis and online datay algorithm
wasdeveloped toesolve these problems

SciencéMetrix applied a additional correction for addresses of applicants or invérdabiacked

country informatiorn the database but for which state informatiatched that of one of the 50+1
two-letter codes for American states and the District of Columbia. In these cases, country information
was f o rU&e dihetScienedletrix production database, which corrected this problem (see
SectiorB.3.6for details on the standardization of U.S. st&weslarcorrectionsvere applietbr data
onPuerto Rico and the U.S. Virgin Islands. Thes
the last round of the SEI, and this wasedagain this time. However, to do so, country information

had to be corrected for both of these countries as although they often appear under their proper

country code in the database (i.e., PR and VI), in mantheasesunt ry code Bé, i nst
with OPRO6 and o0VIO6 being instead displayed in
ouUsSé for which the state code is displayed a
respectively to provide the valid number of patents floy énad to make it possible to assign these to
the region of o6Central and South Americao.

Some country codes were impossible to link to a countries presented in the previous SHieedition
patents associatedth these codes havedeecoded as U n cfl iasdd

External Filel4: Patent number and SEQ to countries and regions.txt

3.3.6 Data standardization:U.S.states

Information regarding states for inventors and applicants on USPTO patents is provided in LexisNexis,
but is mostt absent for most countries with the exception of the U.S. Aftgiidithe missing state
information for U.S. patents (see Se@iBrbfor more detailg)sing the USPTO Bulk Downloads on

Google SciencéMetrixmatched tatwo-letterU.S.state codet® U.S.state names. The ongmaining
correctionsvere patent recortisked to Puerto Rico and the U.S. Virgin Islands, which are s@ametime
coded under the country code field in the dataibaseler the state field bisS.states (i.e., country
code=0U S 0 , st @R R/ Vclodde I=n t hese | atter cases, COu.l
were reassigned to Puerto Rico or the U.S. Virgin Islands instead offthedd.&taot included in

11ynited Statesdeent and Trademark Office Bulk Downloads. Availabtgpatwww.google.com/googlebooks/uspto.html
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the total for the U.S., whicksulted in U.S. states being limited to one of the 50+1 states (including the
District of Columbia), or to be assigned as o0u
or invalid (i.e., not among thel®.5 .state codes).

External Filel5: Patent number and SEQ to American States.txt

3.3.7 Data coding:U.S.sectors

Coding of U.S. sectors was prepared using information about applicants for which the country code is
0 U SWhS.applicants were assigned to three €liffexectors:

A Government
A Private
A Academic

Automated coding was used to assigranamiguous forms of applicant names, @.ghni vo i n t
academic sector, 0Oinc.6 in Private) to the col
coding was pesfmed to assign the remaining applidar@me that could not be automatically
assigned.

In some case the codingesuled in the same applicant being assigned to more than one sector
because thapplicantsare duplicateth the LexisNexis databasederdifferent data format(e.g.,

docdb, docdba). In many of these cases, this was because one of the forms provided more information
than the others regarding this applicant (e.g.
Womends Hospital o).

Theacademic and government sectors have far lower patenting output than tiseqov&8ecause

it wasdecided that it was important to get accurate output estimates of these twSsertoes,
Metrix prioritized the crediting of patents to &hadent andgovernnentsectos in cases ahultiple
matches If these sectors hatbt beenprioritized, it is believe that inaccurate and much lower
estimates of patenting activity for these two sestarkl have been obtaingdso, because many
applicants we assigned to both sectors becauamiokrsityaffiliated companies, this guided the
decision toward prioritizing tleeademic sector when dual assignments with the private sector were
detected.

External Fil€l6: US appltant to sector.txt

3.3.8 NonU.S.academic institutions

As with the coding df).S.sectors (se8.3.7, automatic and manual coding of applicants from the
academic sector outside the U.S. was performed. Generic forms of acadetaicsinstdifferent
languages were looked for in the appli@aatses to retrieve all academic applicants across countries
(e.g., Hochschule, ETH, Ecole)

External FileL7: NonUS applicant to academic sector.txt

3.3.9 EPO aca@mic institutions

As with the coding othe U.S.academic sector (s8e.7and 3.3.§, SciencéMetrix conducted
automatic and manual coding of applicants from the academic sector at the EROU.S. and

nonU.S. applicants. Generic forms of academic institutions in different languages were looked for in
the applicasb names to retrieve all/l academic applic
Ecole).
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External Filel8: EPO US applicant to academic sector.txt

External Filel9: EPO nofJS applicant to academic sector.txt
Indexes have been created to increase computation performance.

External File20: Create_LexisNexis_database tables_index.sql

3.4 Indicators

This section presents thatentingndicators computed as part of this study.

3.4.1 Inventors versus applicants

Most of the indicatorprepared for this projeere based on datpertainingto inventos. Science

Metrix assignedountry and state affiliat®to addresses on patents linked to the inventors (not the
organization owning the rights on the patemts applicants/assigneedatistics based on sectors

were prepared usingformation onapplicantsbecausehe coding of sectors of activity requires
assigning organizations to their corresponding sector (e.g., a utovénsitacademic sector, a
company to the private sectforyand t here is no infor maltoawid av ai
any potential confusion between both congcigimotes below delivered statistics tables always clearly
indicate whether the data presented is based on inventors or applicants.

In cases where information on applicantsotesvailal®, the inbrmation on inventors was used to
assign patents to countries or regions, assuming that these individuals owned the patents.

3.4.2 Applications versus granted patents

Most of the statistics compiled were based on granted patents. A single table pressriastatisti

patent applications. One important distinction between applications and gatetsts the
considerable time lagvhile the application is closer to the time of invention, the granted patent is
closer to the commercial return of the invantidgseful and complementary statistics can be derived
from both approaches. However, several limitations in the quality of data on applications reduce its
potential for the development of indicators. This is particularly tlueStapplications, and 8oce

Metrix usually tries to avoid producing statistidhdése Thee argwo main reasorfer this:

A Applicants can ask that the application not be published. Currently, only about 70% of patent
applications are published. This proportion varies bgftypmhistry, PCT versus n®CT, size of
company, country and over tirBeiencévetrix isnot aware of any statistics on these variations.
Importantly, once patents are granted, applications become public. So, this subsequently adds to the
number of apjtations that were made public at the moment of application. Therefore, the exact
number of applicationsnst known until at leas®d yearsaterbecause of the time lapse between
application and grant. These results have at least two implidastatsstics are always incomplete in
more recent years, a2)l because of the variability in applicabegrant time, statistics for the most
recent years are biased.

A The quality of data for applicat inatosonithe poor .
country and/or the state and/or the applicant name and/dJ.®Belass This information is sparse,
and the quality varies from one provider to another.
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3.4.3 Kind codes

Kind codes are a classification system used across patent officdy toclassnt types. Each office

has its own system and although similar codes are often used across offices, these systems at
independent and thus not related to one and@nercannoassume that an identical kind code means

the samé¢hingacross differg offices.

The patentingndicators in this report were produced using set of kind codes that select granted utility
patents and applications. Kind codes assouidltedtility patents at the USPTO were limited to three
documents types: A, B1 and B2Zidktode A applies for granted patents before 2001, while B1 and B2
replaced this kind code startthdanuary 2001. Details about these document types are presented in
TableXIl .

Table Xl USPTOKkind codes included for the production of statistics on granted

patents
WIPO ST.16 Kind Codes|Kind of document Comments
A Patent (Granted) No longer used as of January 2, 2001 (Kind code replaced by B1 or B2)
B1 Patent (Granted) No previously published pre-grant publication
B2 Patent (Granted) Having a previously published pre-grant publication and available March 2001
Source: Kind codesincluded on the USPTO Patent Documentstifo://www.uspto.gov/learning-and-

resources/supportcenters/electronicbusinesscenter/kind-codesincludeduspto-patent)

Other types of granted patents were excluded from the analysis (e.g., design patents (S), and plar
patents (P)) as tlamalys focuses on utility patents.

On the other hand, statistics on applications were prepared using the kind codes Al, A2 and A9.
Details about these document types are preseifoleX||l .

Table Xl USPTO kind codes included for the production of statistics on

applications
WIPO ST.16 Kind Codes|Kind of document Comments
Al Patent Application Publication Pre-grant publication available March 2001

Patent Application Publication
(Republication)

Patent Application Publication
(Corrected Publication)

Source: Kind Codes included on the USPTO Patent Documerit&{://www.uspto.gov/learning-and-
resources/supportcenters/electronic-businesscenter/kind-codesincludeduspto-patent)

A2 Pre-grant publication available March 2001

A9 Pre-grant publication available March 2001

Statistics based on EPO granted patents were also prepared@d6thdicators. For this office,
granted patents under kind codl, B2 and B3 were included in the analysis. Details about these
document types are presentetiadieXIV .
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Table XIV EPO kind codes included for the production of statistics on granted

patents
WIPO ST.16 Kind Codes|Kind of document Comment
B1 Patent (Granted) European patent specification (granted patent)
B2 Patent (Granted) New European patent specification (amended specification after opposition proced
B3 Patent (Granted) European patent specification (after limitation procedure)
Source: Kind Codes included on the EPO Patent Documents

(http://ep.espacenet.com/help?topic=kindcodes&locale=EN_ep&method=handleHelpTopic

Note that LexisNexis providasprecomputed field (i.e., pat_typgbkat identifies patent documents
that are either grants or applications. This field was used in combirttitthe kind codes listed
above to limit the final sets of patents (e.g., for USPTO granted patentsu&rays and kind
code= A, B1 or B2; for USPTO applications, pat_typpplicatiord and kind code= A1, A2 or A9;
for EPO granted patents, pat_typ&rantd and kind code= B1, B2 or B3).

3.4.4 Number of patents

As opposed to the multiple indicators prepared gsiagtific articles, patent counts were the only
indicators prepared using patent data. Full and fractional counting are the two principal ways of
counting the number of papers.

Full counting

In the full counting method, each patent is counted oncectoreatty listed in the address field

(either for inventors or applicants dependmthe statistic prepared). For example, if two inventors

from the U.S. and one from Canada were awarded a patent, the patent will be counted once for the U.S
and once foCanada. The same method applies for applicants. If a patent is assigned to Microsoft in
the U.S., IBM in the U.S. and Siemens in Germany, the patent will be counted once for Microsoft, once
for IBM and once for Siemens. It will also be counted onceefbr.$h and once for Germany. When

it comes to groups of institutions (e.g., research consortia) or countrid® Eugopean Union),

double counting is avoided. This means that if inventorsCiroatiaand France are -@awarded a

patent, when countingatents for the European Union this patent will be credited only once, even
though each country will have been credited with one patent count.

Fractional counting

Fractional counting is used to ensure that a single patent is not counted severas tappsoakin

avoids the use of total numbers across entities (e.g., inventors, organizations, regions, countries) tha
add up to more than the total numberpetents, as is the case with full counting. Ideally, each
inventor/applicant on a patent shouldatieibuted a fraction of the patent that corresponds to his or

her level of participation in the experiment compared to the other inventors/applicants. Unfortunately,
no reliable means exists for calculating the relative effort of inventors/applieapétenr, and thus

each is granted the same fraction of the patent.

For this study, fractions were calculated at the address level for the production of data based on
inventors. In the example presented for full countiv@ifventors with addresses ie th.S., one

inventor located in Canada) tthirds of the patent can be attributed to the U.S. anthmdeto

Canada when the fractions are calculated at the level of addresses. Using the same approach fc
applicantsn the other example (one addresdvimrosoft in the U.S., one for IBM in the U.S. and one

for Siemens in Germany), each organization would be attributieiicookthe patent.
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While this approach is straightforward for most addresses indexed in the datapaseak fraction

of addessega few hundred out of millions of addresaes)duplicated in the database and present
contradictory information (e.g., two different countries for the same address). In these cases, the only
way to address this problem would have been to lodktfue patents online to correct the p#tes

was not possiblevithin the giventime frame. In the end, the country indexed under the first
appearance of the address for a given patent was kept as the final country information for the
production of the tatistics. Thisnableda single country assignation of addresses in the database
Given thevery small fractioof affected addresses, it did not have a significant impact in any way on
the final statistics prepared.

Fractional counting was also usedrépgre data on EPO granted patents for the academic sector. As
such, fractioning was only needed for applicants and was prepared in the same manner as that for th
USPTO, with only one exception. While preparing the fractoantsvi t h EP O atp,tl i c an
was discovered that more than one organization was assigned to a single address (i.e., a single SEQ) 1
a limited but not negligible number of addresses, which was not the case in the USPTO data. Becaus
of this, calculatingractioral countsonly at the level of addresses could not work properignore

than one country could be associatgth each address. To solve this probl8giencéMetrix
partitioredthe weight of an address between the different organizations on the address
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Appendix

Tabe Field Data type XPATH

PRORITY_CLAIM pat_number varchar(50) | bibliographiedata/publicationreference/documervid/doc-number
PRORITY_CLAIM seq varchar(50) | Automatically Incremented by parser

PRORITY_CLAIM country varchar(50) | bibliographiedata/priority-claims/priority-claim/country
PRORITY_CLAIM doc_number varchar(50) | bibliographiedata/priority-claims/priority-claim/docnumber
PRORITY_CLAIM doc_kind varchar(50) | bibliographiedata/priority-claims/priority-claim/pat_kind
PRORITY_CLAIM doc_date varchar(50) | bibliographiedata/priority-claims/priority-claim/pat_date

PATENT pat_number varchar(50) | bibliographiedata/publicationreference/documentid/doc-number
PATENT pat_kind varchar(50) | bibliographiedata/publicationreference/documentid/kind

PAENT pat_date varchar(50) | bibliographiedata/publicationreference/documenid/date

PATENT pat_type varchar(50) | bibliographiedata/publicationreference).attribute(pubtype)
PATENT appl_number varchar(50) | bibliographiedata/applicationreference/documentid/doc-number
PATENT appl_kind varchar(50) | bibliographiedata/applicatiorreference/documentid/kind

PATENT appl_date varchar(50) | bibliographiedata/applicationreference/documenid/date

PATENT appl_type varchar(50) | bibliographiedata/applicationreference).attribute(apptype)
PATENT title ;/archar(SOOO bibliographiedata/inventionttitle

PATENT abstract ;’arCha'(MAx abstract

PATENT uuid int Unique identifier needed for Tullext Searching (see details)
PATCIT pat_number varchar(50) | bibliographiedata/publicationreference/documervid/doc-number
PATCIT seq varchar(50) | Automatically incremented by parser

PATCIT ref_number varchar(50) Ell?rI:]ck))%rraph|edata/referencesmted/(:ltatl0n/patut/d0cumean/d0c—
PATCIT ref_kind varchar(50) | bibliographc-data/referencescited/citation/patcit/documentid/kind
PATCIT ref_country varchar(50) | bibliographiedata/referencescited/citation/patcit/documentid/country
PATCIT red_date varchar(50) | bibliographiedata/referencescited/citation/patcit/documentid/date
PATCIT ref_appl_date varchar(50) | bibliographiedata/referencescited/citation/patcit/applicationdate/date
NPLCIT pat_number varchar(50) | bibliographiedata/publicationreference/documervid/doc-number
NPLCIT seq varchar(50) | Automatically incrementetby parser

NPLCIT ref ;/archar(8000 bibliographiedata/referencescited/citation/nplcit/text

NATIONAL CLAS| pat_number varchar(50) | bibliographiedata/publicationreference/documentid/doc-number
NATIONAL CLAS| seq varchar(50) | Automatically incremented bgarser

NATIONAL CLAS| main_class varchar(50) | bibliographiedata/classificatiomational/main-classification/class
NATIONAL CLAS| main_subclass varchar(50) | bibliographiedata/classificatiomational/mainclassification/subclass
NATIONAL CLAS| main_text varchar(50) | bibliographiedata/classificatiomational/mainclassification/text
NATIONAL CLAS| class varchar(50) | bibliographiedata/classificatiomational/further-classification/class
NATIONAL CLAS| subclass varchar(50) | bibliographiedata/classificatiomational/further-classification/subclass
NATIONAL CLAS| text varchar(50) | bibliographiedata/classificatiomational/further-classification/text
MAIN FAMILY pat_number varchar(50) | bibliographiedata/publicationreference/documentid/doc-number
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Talde Field Data type XPATH

MAIN FAMLY seq varchar(50) | Automatically incremented by parser

MAIN EAMILY doc_number varchar(50) blbllograph|edata/pgtent—fam|Iy/comp|etefam|Iy/famlly-
member/documentid/doc-number

MAIN FAMILY kind varchar(s0) blbllograph|edata/pgter)t—fam|Iy/comp|etefam|Iy/famlly-
member/documentid/kind

MAIN FAMILY country varchar(50) b|b||ograph|edata/p§tent-fam|Iy/comp|etefam||y/fam||y-
member/documentid/country

MAIN FAMILY date varchar(50) blbllograph|edata/pgtent—fam|Iy/comp|etefam|Iy/famlly-
member/documentid/date

MAIN FAMILY appl_date varchar(50) b|b||ograph|edata{patent—fam|Iy/comp|etefam||y/fam||y-
member/applicationdate/date

MAIN FAMILY family_id varchar(50) | bibliographiedata/patent-family/main-family.attribute(familyid)

APPLICANTS pat_number varchar(50) | bibliographiedata/publicationreference/documervid/doc-number

APPLICANTS seq varchar(50) | bibliographiedata/parties/applicants/applicant.attribute(sequence)

APPLICANTS orgname ;/archar(4000 bibliographiedata/parties/applicants/applicant/adressbook/gname

APPLICANTS orgname._std varchar(4000 b|b||ograph|edata/part|es/appI|cants/appIlcant/adressbook/orgname

) standardized

bibliographiedata/parties/applicants/applicant/adressbook/orgname

APPLICANTS orgname_std_type varchar(50) standardized.attributefpe)

APPLICANTS orgname_normalized varchar(4000 blbl|ogr_aph|edata/part|es/appI|cants/appIlcant/adressbook/orgname

) normalized
APPLICANTS orgname_normalized_k varchar(50) b|b||ogr_aph|ed§ta/part|es/appI|cants/appIlcant/adressbook/orgname
ey normalized.attibute(key)

APPLICANTS state varchar(50) | bibliographiedata/parties/applicants/applicant/adressbook/address/state
bibliographie

APPLICANTS country varchar(50) data/parties/applicants/applicant/adressbook/address/country

APPLICANTS data_format varchar(50 bibliographiedata/parties/applicants/applicant.attribute(datéormat)

APPLICANTS state2 varchar(50) | Populated in further step, s€23.6

$OMPLETEFAMI pat_number varchar(50) | bibliographiedata/publicationreference/documat-id/doc-number

$OMPLETEFAMI seq varchar(50) | Automatically incremented by parser

COMPLETEFAMI doc_number varchar(50) b|b||ograph|edata/p_atent—fam|Iy/comp|etefam|Iy/famlly

Y member/documentid/doc-number

COMPLETEFAMI kind varchar(50) b|b||ograph|edata/p§1ter_1t-fam|ly/completefamlly/famlly-

Y member/documentid/kind

COMPLETEFAMI country varchar(50) b|b||ograph|edata/p§tent-fam|ly/completefamlly/famlly-

Y member/documentid/country

COMPLETEFAMI date varchar(50) b|b||ograph|edata/p_atent—fam|Iy/comrjete—fam|Iy/famlly

Y member/documentid/date

COMPLETEFAMI appl_date varchar(50) blbllograph|GQata_/patent-fam|Iy/completefam|Iy/famlly-

Y member/applicationdate/date

$OMPLETEFAMI family_id varchar(50) | bibliographiedata/patentfamily/mainfamily.attribute(family-id)

CPC CLASS pat_number varchar(50) | bibliographiedata/publicationreference/documenrvid/doc-number

CPC CLASS seq varchar(50) | Automatically incremented by parser

CPC CLASS section varchar(50) | bibliographiedata/classificationspc/classificabn-cpc/section

CPC CLASS class varchar(50) | bibliographiedata/classificationgpc/classificatiorcpc/class

CPC CLASS subclass varchar(50) | bibliographiedata/classificationgpc/classificatiorcpc/subclass

CPC CLASS main_group varchar(50) | bibliographiedata/classificationspc/classificatiorcpc/maingroup

CPC CLASS subgroup varchar(50) | bibliographiedata/classificationgpc/classificatiorcpc/subgroup

CPC CLASS symbol_position varchar(50) | bibliographiedata/classificationspc/classificatiorcpc/symbd-position
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