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1 Executive Summary

This study updates the annual analysis of the performance and structures of the German Science System in
international comparison. Bibliometric indicators are presented and discussed for the perigd12007

In addition, a comparison between the two major data sources used for bibliometric analysis, Web of
Science and Scopus, is presented in order to agmedsipact the choice of the data source has on the
performance indicators.

Both data sources differ in their selection philosophy. While Elsevier intends for Scopus to be the largest
database, Clarivate Analytics is confident that capturing-bigility journals offers sufficient data to be
representative of each discipline. In general, the differing business philosophies result in differences in the
thresholds at which the inclusion criteria for indexation are applied. This subsequently affects the
covemlge of the databases. Due to the higher number of journals and other sources covered in Scopus
compared to Clarivate Analyticsd Web of Science
citations are typically higher in Scopus. Reacting to the ioggdebate of the appropriateness of the
selective approach Clarivate Analytics pursues it recently introduced a new index, the Emerging Sources
Index (ESCI), which, while making concessions with regard to the selection criteria, extends the coverage
significantly. The ESCI sought to improve regional and fighe:cific coverage; however, to date neither

the bias towards publications from Europe and North America nor theemesention of the natural and
medical sciences and under representation of tiseaad humanities has been solved. Which also holds

true for Scopus.

Both databases use a jourbalsed classification system, meaning that not the individual article but, the
whole journal is assigned to a category. Overall, the Web of Science seenfsiim gagnificantly better

than Scopus in terms of the accuracy of assigning journals to classification categories, which might affect
field-normalised scores. Overall, we observe an increasing number of publication between 2007 and 2017
for most countriesThis increase is due to increased publication output as such but also reflects the
increased coverage of journals by WoS and Scopus. The growth is particularly countries like China and
India and other countries with developing science systems such @is/Soca, South Korea and Brazil.

While for countries with welkstablished systems such as the USA, the UK, Germany and France growth
rates are rather low resulting also in their decreasing publication shares. China and the USA continue to be
the countrés producing the highest number of publications. Germany maintained its standing as one of
countries producing the highest humber of publications, and publications of high quality. Compared to
2007, Germany is publishing in journals with greater internatiwisibility, but receiving fewer citations

in those journals.

With regard to the Excellence Rate Germanyds pos
continues to improve its performance also with regard to this indicator and meanwhilerabobsig the

expected value. Difference in indicator values such as Excellence Rates and proportions of uncited
publications between both databases (both higher
journals of lesser visibility compared toose in WoS.

In general, the patterns observed in highd lowperforming countries was largely the same across the
databases, despite the differences in figures.

Unbowed is the overall trend towards increasingagthorship, reflecting increasing collabton. Also

for Germany, the proportion of publications with international collaboration has increased. Switzerland
remains the country with the highest share of internationatyuticored papers. As observed in the past,
international ceauthorship is articular high in smaller countries like Belgium or the Nordic countries.
The USA remain the most attractive partner for most countries. Obvioudresn an USAmerican
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perspective- the strong increase of the share of publicationawtbored between thHgSA and China
reflecting increasing collaborations between these two countries, while the shareaoftha®d
publications with other countries remains mainly stable.

Looking at the different actors within Germany shows an upward trend in publicatiensirog, which
corresponds to the overall growing number of publication for Germany as whole. We observe slight
changes when it comes to the performance of the sectors: the Helmholtz Association continues to produce
the highest number of publications falled by the MaxPlanck Society, which, however, produced fewer
publications annually since 2012 and consequently its share of German publications dropped. An
increasing share, though still at a low level can be observed for the Fachhochschulen. Theytldeubled
number of their publications as well as their share of German publications over the reference period.
Indicators also reflect that Fachhochschulen and each of the research associations are increasingly
publishing in more highkgited journals thougheir publications in these journals are receiving relatively
fewer citations.



2 Foreword

This report continues an important tiseries analysing the performance of Germany in the science
system, internationally and internally. A variety of indicators aw@réned in this report, using which
Germanybés performance is compared against that of
country groups (see Appendix B for countries and groups). The indicators include the number and share of
worldwide publi@tions by country or group annually to gauge the level of scientific contribution. We also
present the Scientific Regard and International Alignment indicators which indicate, respectively, whether
the countryds publ i cat i orfess oftemthaa otltei psldicatpris inrthe same e c i
discipline, and whether the country publishes more or less often in highly visible journals.

We present the Excell ence Rate, or the proportion
most hghly cited publications per discipline, and also the Excellence Rate when only Haglislkage

literature is considered, which provides information about the impact of publishing in languages other than
English. We also provide the proportion of each ¢ouny 6 s publ i cati ons which wer
were cited more frequently than the median or 75th quartile citations, which gives an overview of the
citation distribution. The same indicators are also provided for each of the German universities-and
university research institutions, as well as the number of publications and citations-peref@tuivalent

research staff. Finally, we present an analysis of the rate of international collaboration, and with whom
Germany and other key countries amlaborating. Several of these indicators are also differentiated by
discipline which serves to normalise the indicators across publication and citation practices, and also
provide greater context to the scientific performance of Germany.

Further, in paticular, this report provides the same information extracted from both WoS and Scopus to
enable a direct macilevel comparison of the results when holding key components, such as document
types, constant. This direct comparison of the results from asgbyseides insight into the sensitivity of
bibliometric indicators to the database used in computing them.

The content of this report examines predominantl.y
the entire Scopus database, and from the \WdiBes Science Citation Index Expanded (SCIE), Social

Science Citation Index (SSCI), and Arts and Humanities Citation Index (A&HCI). Where conference
papers are examined, these Oproceedings paper so
Proceeding<Citation Index and Book Citation Index for the Sciences and Social Sciences. Fractional
counting is used for all data, except when examiningudications when whole counting is used. For

analyses of countries, fractional counting is conducted at tle¢ ¢ the author and aggregated to the
countrylevel. As such, a proportion of each publication is attributed to each author which is then
aggregated into the fractional count of publ i cat
German universies and noruniversity research institutions are examined, fractional counting is
conducted at the level of the author and aggregated to the level of the institution, such as the Max Planck
Gesellschatft or the universities as a whole.

Publications are exained for the period 2007 to 2017. A citation window of three years is applied for
citation data, as such indicators for citations include all citations of a publication which occurred within

the year of its publication and the subsequent two years.ditddita are presented for the period 2007 to

2015. Sekcitations have not been excluded from the data. Data for disciplines are presented using the
OECD Fields of Science and Technology (FST) disci
ScienceJ our n al Classification (ASJC) and WoSé oOtradi
Items in Scopus attributed to the ASJC 6émultidisc
here as this category is not mapped to any categdheifr ST classification. Also, a small proportion of

items are unclassified in WoS and so were not able to be attributed to an FST category and were also
excluded here. See Appendix C for further details about the methodology used in this report.



3 Qualitative comparison between Web of Science and Scopus

3.1 Introduction

This section provides a qualitative comparison of the Scopus and Web of Science (WoS) bibliometric
databases. The comparison examines the business philosophies of the database producergutdrg conse
procedural differences between the databases, such as the inclusion and exclusion criteria for content
sources, and the resulting content differences based on source coverage and classification structures. The
information provided here is based onreat published literature regarding the differences between the
databases, and content guides published by the database producers, Clarivate Analytics and Elsevier. This
discussion provides context to the differences in the quantitative results beteataiabases as seen in
sections 2 and 3, and highlights the potential impact of the choice of database on analyses.

3.2 Overview of Web of Science and Scopus

Web of Science (WoS) and Scopus are both subscripiead databases of multidisciplinary
bibliographc information. The foundation of WoS was the Science Citation Index developed by Eugene
Garfield and launched by the Institute of Scientific Information in 1964. The Science Citation Index was
later expanded and merged into what is now WoS, owned, pdmcemanaged by Clarivate Analytics.

The current WoS is comprised of a number of literature and citation search databases based on different
topics or focusing on different regions. From this group, a key set of indices have been identified, titled
the Cae Collection (CC), which are reported by Clarivate Analytit$1@) as the most important and

useful indices according to users.

The indices in the CC are the Science @itatindexi Expanded (SCIE), the Social Science Citation
Index (SSCI), the Arts & Humanities Citation Index (A&HCI), the Conference Proceedings Citation Index
(CPCI), the Book Citation Index (BCI), Emerging Sources Citation Index (ESCI), and two chemistry
indices for compound and reaction data, the Current Chemical Reactions (CCR), and Index Chemicus
(Clarivate Analytics201&). The user can search the CC in its entirety oinldividual index. Users can

also customise the data they have access to, such as subscribing to the entire WoS platform or only
selected products such as the CC or individual indices, which can either be accessed via the online
platform or licensed from l@rivate Analytics as raw data.

The WoS indices cover the areas of life sciences, biomedical sciences, engineering, social sciences, and
arts and humanities. As of July 2018, the collection included more than 20,300 journals, 94,000 books and
an unstated umber of conferences, totaling over 71 million records and more than 10 million conference
proceedings (Clarivate Analytic®)1&). Content is updated daily and data are laiéé from 1900 for

the SCIE and SSCI, from 1975 for the A&HCI, from 1990 for CPCI, and from 2005 for the ESCI and
BCI.

Scopus was launched by Elsevier in 2004. In contrast to WoS, Scopus amalgamates all of its abstract and
citation data into a single sehable database (Elsevigb17). Scopus covers journals, trade publications,

books, conference materials, and patents across the areas of science, technology, medicine, social science,
and arts and humanities. The alzdse is updated daily and as of August 2017 was comprised of content
from more than 21,950 pesgviewed journals, 280 trade publications, 560 book series, 150,000 books,
100,000 international conferences, and patents from 5 patent offices. In totial nleise than 69 million

records, 8 million conference papers, and 39 million patent records, with approximately 3 million records
added each year (Elsevigb17). The earliest record in Scopus dates back to 1788, however the majority

of 62.4 million of 69 million records were published since 1969 (Elseviér)



3.3 Business philosophy and procedural differences

While both WoS md Scopus seek to provide similar services to the scientific commiinity
multidisciplinary databases suitable for retrieving relevant primarily scientific publications, allowing for

the identification of key journals, papers, authors, or institutions agititditing bibliometric analysek

their fundamental business models differ. The focus of WoS is to index only the highest quality journals.
Clarivate Analytics subscribes to Garfieldés | aw
significant academic research is covered by a relative small number of journals. As such, Clarivate
Analytics maintains that they will sufficiently capture the majority of important research simply by
indexing the key journals in each discipline (Textag).

To maintain its quality, Clarivate Analytics undertakes a rigorous assessment of each journal suggested for
inclusion in WoS to determine if it will be indexed. Anyone may suggest a journal for inclusion through
the WoS websitebut priority is given to journals requested or recommended by WoS users{U&sdta

When selecting journals, Clarivate Analytics applies different criteria based on the index in which the
journals are suggested to lrcluded. For example, the three indices which cover the most well
established and respected journalSCIE, SSCI, and A&HCT are held to different criteria in the WoS

Core Collection Journal Selection Process than the ESCI, which covemsdapming purnals in
emerging fields of research or extends the coverage of regional journals of particular importance (Testa
2018 Huang et al2017. With the introduction of the ESCI in 2016Jarivate Analytics addressed an
ongoing discussion about the completeness of WoSbHd
is a second tier index with less strict inclusion criteria than the SCIE, SSCI and A&HCI. Journals covered
in the ESCI mg move up to the first tier indices over time, provided they fulfil the inclusion criteria for
these products, or journals which no longer fulfil the criteria for the first tier indices may be relegated to
the ESCI.

All prospective journals are considerft all applicable indices and first checked against the following
minimum criteria:

1. The journal publishes peeeviewed content
2. The journal has an International Standard Serial Number (ISSN)

3. The journal s bi bl i ogr aphi inEnglisH, a theraferencesfromnd c i
nontEnglishlanguages journals are in Roman script (Clarivate Analgtids).

If the journal passes these criteria and is suggested for thietapdices, it is then assesseghmst the
following criteria, noting that all journals are considered in terms of the norms for the field in which they
publish:

1. Publishing standards: the content published is primarily scholarly, funding sources are
acknowledged; the journal must subberito ethical publishing practices; content must be
published in print or compatible electronic formats; the journal follows international editorial
conventions; at least the bibliographic information and abstract is in English, if not the full text;
and, of key importance, content must be published regularly and in accordance with the stated
publishing schedule as lapses may indicate the journal has too little content to publish regularly.

2. Editorial content: the editors decide whether the content of Umagbwill enrich the database
with new information, or if the content is already sufficiently covered by existing titles.

3. International or regional focus: the journal is assessed for the diversity of its editorial board and
authors in the context of itatended readership, with greater diversity expected for journals aimed
at an international audience than those intended for a regional or specific audience.



4. Citation analysis: because Clarivate Analytics indexes a cited reference regardless of whether the
journal it comes from is indexed, the editors are able to assess suggested journals based on the
citation data from records already indexed. Key data used in these assessments are total citation
counts, impact factor, the citation history of authors antbiesj and seltitation rates (Testa
2018 Clarivate Analytic2017).

Each year this process is conducted for approximately 3,500 journal titles, from which around 10% of the
subnitted journals are accepted (Te&@ld. However, journals are often included in the ESCI first, with

the possibility of being indexed in the tdpr indices later. The criteria which must be met for inclusion in

the ESCI are:

The journal content must be peer reviewed

Publishing practices must be ethical

The journal must be published in a compatible electronic format:qmigtis not accepted

The articlesd bibliographic information must

The journal muséenhance the content of WoS

o o > w N e

The timely and consistent publication of content is less important for ESCI journals than for the
top-tier, however journals should be active and publish regularly (P&st3.

Once a journahas been accepted for any index, all of its content from that point on is indexed in WoS
(Clarivate Analytics 201&). However, Clarivate Analytics also applies ongoiegaluation to its
collection to ensure its journals are maintaining high standards and remain relevant to its indices. If a
journal fails to continue to meet the accepted standard, it may be downgraded to the ESCI if it was
indexed in SCIE, SSCI or A&HC#br it may be removed from WoS entirely.

Elsevier has a different philosophy for Scopus than indexing only the key journals in each discipline. In
their approach, Elsevier extracted vast quantities of records from its indexing databases, such as EMBASE
and GEOBASE, and then enhanced the data by indexing the records cited by those extracted records
(Jacso2009. As such, the intent for Scopus was that it should contain the largest number of records
possible, which differsrtbom WoS which chooses a reduced number of records in favour of the quality of
records.

That is not to say, however, that Scopus does not control the quality of the journals it accepts. Elsevier
employs 17 independent experts from a range of disciplinesgaadraphic regions as its Content
Selection and Advisory Board (CSAB), with each member responsible for a subject area. As with WoS,
this board applies rigorous criteria to determine which journals are accepted into Scopus, and generally
guides the devefament and direction of Scopus content over time (Elseviér) Journals suggested for
inclusion in Scopus are assessed on two levels. First, journals must meet the following minimum criteria:

1. Content must be peeeviewed and a description of the process must be publically available
2. The journal is published regularly and has an ISSN

3. To ensure accessibility by a wide readership, the journal must publish titles and abstracts in
English and references must be in Romaipsc

4. The publisher must have a publication ethics and malpractice statement publically available
(Elsevier n.d.)

| f these criteria are satisfied, the CSAB member
journal against the following five diemsions:



1. Journal policy: the journal has appropriate editorial policy, conducts peer reviewing, and has a
diverse geographic distribution of both editors and authors

2. Content: the content makes an academic contribution to the field, has a clear abstadbke,
of high quality, and adheres to the stated aims and scope of the journal

3. Journal standing: acceptable standing of the editor and citedness levels of articles in Scopus
4. Publishing regularity: content is published consistently and regularly

5. Onlineavail ability: full content is available onl
and available in English (Elsevigf17).

Journals which perform well against these criteria are accepted into Scoptle@nehtire content is
indexed from that point forward. In any given month, between 25 and approximately 250 journals are
reviewed, of which 30%70% are accepted (Elsevi€Dl?). Elsevier also annually fevaluates He

existing journals in Scopus to ensure they continue to be of acceptable quality. The metrics against which
all accepted journals are evaluated are:

1. The selfcitation rate must not exceed 200% compared to the average in the subject field
2. The total citatbn rate of the journal must not be less than 50% compared to the field average
3. The CiteScore for the journal must not be less than 50% compared to the field average

4. The number of articles published by the journal must not be less than 50% comparedetd the f
average

5. The number of times a fulext link is clicked on Scopus must not be less than 50% compared to
the field average

6. The number of uses of the journal és abstracts
the field average (Elsevi€d17).

If any of the benchmarks for a journal are not met, the journal receives notification of this and is given one
year to improve its metrics. If after this time the journal has not improved any of its metrics, tla i®urn
re-evaluated by the relevant CSAB member against the original acceptance criteria and may be removed
from Scopus (Elseviei017 Elsevier n.d.).

The selection processes for journals into WoS and Scopus denmmisataboth Clarivate Analytics and

Elsevier are publicly committed to ensuring their databases contaigbéity journals. There are data,

however, to suggest that journals are accepted into Scopus at least which do not meet the stated criteria,
with journals often failing the requirement to have particular information publicly available, such as
reviewer | ists, ethics and mal pr act20l¢eThediffdremtr mat i o
business pilosophies between Clarivate Analytics and Elsevier have implications for the content of the
databases, which in turn influences the results from analyses using the databases. These differences in
content and the associated influence on analyses arssksicin the following sections.

3.4 Differences in content and the impact on analysis results

The different business philosophies of Clarivate Analytics and Elsevier influence the overall number of
journals covered in each database, the number of papersaoardethe consequent number of citations
recorded for each item. The database providers also use different classification structures to assign items
within their databases to scientific disciplines. The effect these differences can have on bibliometric



results are demonstrated in this section using previous empirical analyses, and they are also evident in the
data provided in sections 2 and 3.

When Scopus was launched in 2004, it contained 14,200 journals and an additional 8,000 have since been
indexed (Esevier2017. When a new journal is added to Scopus, content is indexed from that point on;
the back catalogue of the journal is not indexed. This is the same process for WoS, however as Scopus is
much newer than WoS, this resulted in a lack of historical data ipuScés such, Elsevier undertook

two projectsi one in 2004 and a second in 2014b increase the historical content of Scopus. Elsevier
reported that by mi@017 it had indexed an additional 195 million records published between 1970 and
1996 (Elsevier017). However, WoS, having been established in the 1960s and continuing to date, has a
stronger collection of data prior to 1970 than does Scopus. Consequently, historical analyses are likely to
be affected by this tierence in coverage. See Figure 1 for the number of indexed items in WoS and
Scopus in 1996 and cumulative to 2016. This period of time is presented as these are the years for which
current data from both databases is available to the DZHW via the Cog&entre for Bibliometrics

Please note that these figures represent only the period 1996 to 2016 and so do not match the figures noted
in the section fAOverview of Web of Science and
database.

With regardto business philosophies, given that Elsevier has a more inclusive approach to indexing
journals in Scopus than does Clarivate Analytics for WoS, the number of journals covered and subsequent
bibliometric indicators such as the number of publications &ed titations, are typically higher in

Scopus than in the core WoS indices most often used (SCIE, SSCI and A&HCI). The influence the
introduction of the ESCI has had on WoS06 | evel of

2,000k

Document Type

= Articles & Reviews
1,500k

= = Proceedings

1,000k Database

Documents added

m— SCOpUS

Web of Science
500k - e -

Overlap

-
-
-—-

1995 2000 2005 2010 2015

Figure 1 The number of cterence proceedings (broken line), articles & reviews (whole line) added
yearly to the Web of Science (SCIE, SSCI, AHCI and CPCI) or Scopus. Overlap of documents added
jointly to both databases.

Mongeon and Patlus (2016) undertook an extensive comparison of the journals covered by the three
core WoS indices and Scopus. They matched the lists of indexed journals from WoS (13,607 journals in
the SCIE, SSCI and A&HCI) and Scopus (20,464 journals) with Ulrichdweldatdase of more than

300,000 journals and other periodicélsto determine how well each field, publishing country and
language was represented in each of the databases compared to its coverage in Ulrichsweb. As expected,

! http://bibliometrie.info/
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Scopus exceeded the coverage of Wo&jering nearly a third of all Ulrichsweb journals (32.7%)
compared to the 22% covered by WoS.

A study conducted by Bdtan (2017 shows how this difference in coverage affects results for specific
analyses. Ballan (2017 examined how many articles published between 2013 and 2016 were retrieved
when searching for the term Ainformation retrieva
CPCI). After cleaning, 5,458 articlagere retrieved from Scopus and 4,264 were retrieved from WoS.

When counting citations, both WoS and Scopus include only the citations which come from items indexed
within their own databases, which tends toward Scopus producing higher citation couotssigecater

number of indexed items. In the Bdan (2017 study, the articles from Scopus had a total of 12,087
citations, an average of 2.2 citations per paper, while the WoS articles had 6,674 citationsage afver

1.6 citations per paper (Bdan 2017). Evidently, the higher coverage of journals in Scopus than WoS can

impact the number of records and citations reported in analyses.

Bar-llan (2017 also looked at the overlap in coverage between the databases. Of the records retrieved by
WoS, 58% were also indexed in Scopus. Conversely, 45% of the records retrieved by Scopus were
indexed in WoS. When the comparison between coverageopased to any content from journals
published between 1996 and 2013, DoniérL( found that 91% of the items from WoS (SCIE, SSCI

and A&HCI) were also present in Scopus, while 73% of the Scopus content was pré&@s. ikvhen
analysed by citation index, 93% of SCIE items, 92% of SSCI items, and 61% of A&HCI items were
indexed in Scopus (Donngp1g.

Also, in the Batllan (2017 study, the top3 most highly cited papers were different between the
databases. One of the top 3 from WoS was indexed in Scopus, but none of the top 3 from Scopus were
indexed in WoS (Ballan 2017). Similar resultg higher recordsetrieved and citation counts for Scopus,

and little agreement on most highly cited publicationaere found for another study in the area of
inclusive education research (Shah, Mahmood, and Hame&d, demonstratinghat differences in

results arise across subject areas.

Indeed, Mongeon and Padus 2016 noted similar effects when they examined the coverage of WoS

(SCIE, SSCI and A&HCI) and Scopus by subject area. They dividegothrals in each of the three
databases into four areas: Natural Sciences and Engineering (NSE), Biomedical Research (BR), Social
Sciences (SS), and Arts and Humanities (AH). They found the greatest differences in coverage occurred

for BR, where Scopusovered 47% of Ulrichsweb content while WoS covered only 28%, and SS where
Scopus covered 25% of Ulrichsweb journals and WoS covered 13%. Ddiiiie) @lso found that
Scopusd coverage exceedaldl, CPQNaY an @feragl/of R5%( aBrask the 7 S S C
disciplines he examined (law, psychology, environmental science, engineering, nursing, education, and
computer science) when compared to a third source
validated journals. These findings indicate that the same analysis in a discipline would yield substantially
different counts of items depending on which database was used.

Further, Mongeon and Padlus (2016 found thathe relative distribution of journals in WoS and Scopus

to subject areas was not representative of the general distribution of subject areas according to
Ulrichsweb. When the distributions were compared, they found that both Scopus and WoS
overrepresentetlSE and BR journals and underrepresented SS and AH journals:tiietypercent of

WoS journals and 33% of Scopus journals were from the NSE field, compared to 28% in Ulrichsweb,
while 45% of Scopusd journals and 3&% 2% inWo S6 |
Ulrichsweb. AH was similarly underrepresented at around 9% of all journals in WoS and Scopus,
compared to 15% in Ulrichsweb, and SS accounted for 28% of Scopus journals and 21% of WoS journals,
compared to 36% in Ulrichsweb (Mongeon and Rdug2016).

Moed @009 also sought to gauge the adequacy of the coverage of disciplines in WoS by examining the
cited references of indexed items. The argument being that, if a large proportion of the cited items in the
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papers of a given discipline are also indexed in WoS) WeS sufficiently covers the literature of that
discipline. Moed 2005 found that disciplines such as the biological sciences, clinical medicine,
chemistry and physics had excellent coverage, with more than 75% ofeféeehces also indexed, while

arts and humanities and rbealthrelated social sciences had the poorest coverage, with between 7% and
33% of cited references also indexed.

With regard to representation of countries, Mongeon andasil016 noted greater representation in

both WoS (SCIE, SSCI and A&HCI) and Scopus of journals published in the United States, the United

Ki ngdom, t he Netherl ands, France, Ger many fand Swi
countries. However this should be interpreted cautiously as countries were assigned based on the country

in which the journal was published which does not necessarily represent the geographic location of the
journal or its authors. For example, the oeliand print versions of the journal may be published in
different countries which reflects business processes rather than the national identity of the journal
(Mongeon and Pattius 201§. Aman @016, however, when examining journal content between 1996

and 2013 based on the authorodés | ocation, f ound th
of items published by authors in Europe, North America and Asia, and these tlhoes oegnprised 90%

of the content on each database. Also, not unexpectedly, Mongeon arduBauD16 noted journals

published in English were overrepresented in both WoS and Scopus and in all fields compared to
Ulrichsweb. All other languages were underrepresented, except for Dutch, French and German in NSE,
and French in AH (Mongeon and Padiis2016).

These studies demonstrate that both Scopus and the key indices of WoShHamei¢s to overrepresent
content from Europe, North America and Asia, and content published in English. Further, WoS and
Scopus both emphasise publications from the natural and medical sciences and underrepresent
publications for the social sciences andnanities. To combat this underrepresentation, both databases
have introduced indices for books as a significant proportion of work in these fields is published in books
(Mongeon and Patlus 2016. However, 96% of thbooks covered by the Book Citation Index in WoS
between 2005 and 2012 were in English (TeBablnas et al2014), suggesting underrepresentation of

the social sciences and humanities would not be alleviated feEmglish-speaking countries. These
findings suggest that results from analyses using these databases may still be less accurate for the social
sciences and humanities than other fields, and for certain regions such as Africa, Oceania and Central and
South Anerica, and for content published in languages other than English.

Clarivate Analytics sought to address some of this underrepresentation by introducing the ESCI into the
WoS CC in November 2015 as a means of increasing the coverage of WoS in emergingniikeld
important regional topics. Due to its only recent introduction, there are still relatively few studies which
have examined the impact of the ESCI of the coverage of WoS, however one study found that the ESCI
added more than 6,000 journals to the @@ of which are also indexed in Scopus; that the ESCI had
more open access journals (36%) than the SCIE, SSCI and A&HTUH or Scopus (14%); and the

ESCI typically had slightly higher representation of +##nglishspeaking countries, in particular $pa

than the CC indices or Scopus, although a substantial proportion of 35% were still from the United States
and England (SomoZgernandez, Rodriguezairin, and Urban@018. Another analysis by Huang et al.
(2017 of 2015 articles and reviews in ESCI similarly found that the ESCI had higher rates of open access
articles compared to the SCIE, SSCI and A&HCI, and also had greater coverage of disciplines in the arts
and humanities andhe social sciences than these indices. However, the majority of journals still
originated from Europe and North America, which Huang et?all{) suggested inadequately accounted

for the contributions of countries suas China, Japan and Korea which lead the world in some
disciplines. As such, the ESCI has increased the coverage of the CC by around 6,000 journals, although
Scopus also covers half of these journals, and has gone some way in improving the visitggaofh

from nonEnglishspeaking countries, however the ESCI still predominantly focuses on Europe and North
American research.
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The second key area which can spur differences in analysis outcomes is the classification of disciplines.
WoS and Scopus implemt both different methods of assigning their content to disciplines and different
classifications of disciplines. Both, however, assign classifications based on the content of thé journal
not the individual articlé and both allow each journal to han®re than one classification (Wang and
Waltman2016).

WoS contains two classifications: a highevel classification of approximately 150 research areas and a
more detailed classification of around 250 categories athessciences, social sciences, and arts and
humanities. The classification used in Scopus is the All Science Journal Classification (ASJC) system. At
its most detailed level, it contains 304 categories which can be aggregated into 27 broader categories
(Wang and Waltmar016.

Researchers have long held concerns about the accuracy of the classification systems in both databases, in
part because of the lack of information about how categories are assigned to journals. Clarivate Analytics

is believed to assign categories in Wo& an algorithm based on both cited and citing data, while Scopus

has not explained how its classifications are assigned (Wang and Waltmén It is important that

journals are accurately assigned within classificatimtause several indicators, such as citation rates, are

often normalised against the field in which the journal is published to avoid presenting misleading
comparisons between fields with different citation and published practices. For example, Leydesdorf
Bornmann 2016 examined fielehormalisation for the fields of library and information sciences, and
science and technology studies in WoS, and found-fiebdr mal i sati on woul d be pot
theanalysis of these fields due to the way in which journals in these areas are allocated to categories.

Wang and Waltman2016 found that WoS slightly oyperformed Scopus in accurately assigning
journals to classificatiosategories. Their results showed that, while both databases accurately classified
journals when a journal had a strong affiliation with a particular subject, both datalmaskgarticularly
Scopusi too leniently assigned journals to multiple categordth which they were only loosely
affiliated. Donner 2016 similarly found Scopus leniently classified journals. For instance, Scopus
categorised 131,000 items as from the law discipline and 65% of those items seecevared by WoS,
however, of the items that both databases covered and Scopus defined as law, only 38% were also
classified by WoS as from the law discipline. Across disciplines, the percentage of content covered and
similarly classified by both databaseanged between 16% in nursing to 65% in psychology (Donner
2016. The results from these studies suggest that while-flietchalisation continues to be usiednd
rightfully so as it is an important means of reduding disparity between fields to enable comparison
differences in results will arise between analyses from WoS and Scopus due to both the different
classifications used and how journals are ascribed to classifications.

3.5 Conclusions

Both Clarivate Analyticand Elsevier take measures to ensure the quality of the content indexed in WoS
and Scopus respectively. However, the companies have taken different approaches to developing their
databases: While the applied inclusion criteria do not differ to a largatexbm the outset, their actual
application and interpretation in the unobservable inclusion process result in a substantial difference
between WoS and Scopus. In particular, the WoS SCIE, SSCI and A&HCI jointly index fewer journals
than Scopus on the &ia that Clarivate Analytics believes the majority of important research will be
captured by covering the key journals in each field. ESCI was introduced in a bid to increase the coverage
of emerging fields and areas of regional importance, which it rasvad to a certain extent however the
index remains centred on Europe and North America. In contrast, Elsevier intends for Scopus to be the
largest collection of higlguality content possible and accordingly applies a more liberal inclusion policy.
Thesedifferent business philosophies have resulted in differences in the coverage of journals between the
databases, both in terms of the tifremes and number of journals covered, and differences also arise
through the classification of journals to discipkne

11



WoS has stronger historical content than does Sco
produce a higher number of items and citations in analyses than does WoS, and journals are also more
leniently assigned to classification categoriesScopus. This means that, for example, the nursing
category will include journals with looser affiliations to nursing and which may not follow the same citing

and publishing practices as core nursing journals, which could have implications femciigtalised

indicators. WoS tends to classify journals more accurately, which aligns with its intent to only cover core
journals to each discipline. However, both databases overrepresent the natural and medical sciences,
content in English, and content from Bpe, North America, and Asia. The differences both between

WoS and Scopus, and between these databases angaittirddatabases, such as Ulrichsweb or the
Australian Research Council o6s 1ist, Sshoul ch be ta
bibliometric analyses. Furthermore new data sourceddikensionsor 1Sciencewill bring up new and

more comprehensive perspectives in the near future. Consequently the described difference in positioning
Germany in the global science system by usitigee WoS or Scopus might be confirmed or challenged

by these new sources.
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4 National Bibliometric Indicators comparing Web of Science and
Scopus

4.1 Indicators on Productivity

The number of publications produced continued to grow between 2007 and 2017 fooumbses due to
increased publication output and increased coverage of journals by WoS and Scopus. As shown in Figures
2 and 3, Scopus generally recorded a higher number of publications for each country or group of
countries, however the ranking of coue$ based on number of publications is mostly consistent. China
and the USA were the highest producing countries of publications worldwide during the reference period.
In both databases, the number of Chinese publications increased dramatically sinaitt2@b7average

growth rate of 13.9% per year between 2007 and 2017 in WoS and 9.4% between 2007 and 2017 in
Scopus when the world average growth rate wa%4(see Table 1). Notably however, in Scopus, China
overtook the USA to become the highest prodgaountry in 2016.

The other notable difference in rankings between WoS and Scopus based on number of publications is
India. As shown in Figure 3, Scopus recorded an additional -B6@MO0 publications from India per year

than WoS which placed India aset thirdhighest producing country behind China and the USA since
2014. In WoS India was ranked 6th since 2014. Aside from these differences, WoS and Scopus
consistently recorded the United Kingdom, Germany and Japan as the highest producing countries of
publications after the USA and China, and India in Scopus.

Web of Science Scopus
1,100k 1,100k
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Figure 2 The fractional counts of publications from China, USA, and the EU15, EU28 and OECD
countries.
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Figure 3 The fractional counts of publications from selected countries and groups be6f&ema
2017.

The surges in publication numbers from China and India resulted in very high average growth rates and
also drew the world average growth rate up to 4.9% in WoS and 4.6% in Scopus, as presented in Table 1.
Other countries with developing sctn systems such as South Africa, South Korea and Brazil also
demonstrated strong rates of growth compared to the world average, while Denmark and Poland were the
only European countries to exceed the world growth rate, although Spain was close. Coithtriesl-w
established systems such as the USA, the UK, Germany and France had amongst the lowest growth rates.
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Table 1 The CAGR for selected countries and groups between 2007 and 2017 for Web of Science and
Scopus, based on fractional counting.

COUNTRY WoS Scopus

AUT 361 3.38

BEL 2.85 3.12

BRA 6.96 7.48

CAN 271 2.80

CHE 3.76 3.99

CHN 13.92 9.36

DEU 253 2.94

DNK 6.00 5.91

ESP 415 4.49

FIN 252 2.66

FRA 1.41 1.96

GBR 213 1.69

IND 8.16 9.97

ISR 1.82 1.70

ITA 3.69 4.14

JPN 0.05 0.28

KOR 7.24 8.46

NLD 3.26 3.03

POL 5.71 5.37

RUS 434 8.44

SWE 3.07 2.98

USA 1.99 2.15

ZAF 8.15 9.01

EU13 459 5.73

EU15 2.86 3.02

EU28 3.05 3.33

OECD 2.83 3.03

WORLD 4.94 455
The strong growth in the number of Chinese publications has also casisedbas t ant i al i ncreas

share of worldwide publications over time and corresponding decreases for most other countries in both

WoS and Scopus (see Tables 2 and 3). However, Sco

publications has magied this effect in WoS compared to Scopus. The proportion of worldwide
publications from Chinese authors has increased by nearly 7 percentage points in Scopus from 12.0% to
18.8% between 2007 and 2017 compared to an increase of 10 percentage poinssfioriive.1% in

2007 to 18.4% in 2017.

Accordingly, both databases recorded decreases in the shares from other countries that typically held high
proportions of worldwide publications, although these decreases were emphasised in WoS. For example,

t he WShAabrse f el | from 21.9% to 17.4% in Scopus but
fell from 6.1% to 4.6% in WoS and from 5.6% to 4.
4.4% in WoS and from 4.8% to 4.1% in Scopus. Japan in particuliaa Iparticularly large decrease in

shares, from 6.4% to 4.0% in WoS and from 5.6% to 3.7% in Scopus, because in addition to the influence

of increased Chinese publications, Japands had no
Converselyas wi th Chi na, I ndiads share in worldwide pL
from 2.8% to 3.8% in WoS and from 2.8% to 4.7% in Scopus, which suggests India substantially
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increased its production of publications or that both databases ltagasead their coverage of journals in
which Indian authors publish.

Table 2 The shares of selected countries and groups of world publications between 2007 and 2017, based
on fractional counting, from Web of Science.

COUNTRY 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
AUT 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5
BEL 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.7
BRA 2.0 2.3 2.3 2.3 24 24 2.3 2.3 2.3 24 24
CAN 35 3.4 3.4 3.3 3.2 3.2 3.1 3.0 3.0 2.8 2.8
CHE 11 11 11 11 11 11 11 1.0 1.0 1.0 1.0
CHN 8.1 8.6 9.5 10.0 11.0 121 135 15.2 16.3 16.7 18.4
DEU 5.6 5.4 53 53 5.2 5.0 4.9 4.8 4.6 4.4 4.4
DNK 0.6 0.6 0.6 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.7
ESP 2.7 2.8 2.8 2.8 2.9 2.9 2.8 2.8 2.7 2.7 25
FIN 0.6 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.5
FRA 4.0 4.0 3.8 3.7 3.5 34 3.3 3.2 3.1 3.0 2.8
GBR 6.1 5.7 55 55 53 5.2 51 4.8 4.8 4.7 4.6
IND 2.8 3.0 3.0 3.1 3.2 3.2 3.3 3.5 35 3.8 3.8

ISR 0.8 0.8 0.7 0.7 0.7 0.7 0.6 0.6 0.6 0.6 0.6
ITA 3.4 3.3 3.3 3.2 3.2 3.2 3.2 3.1 3.1 3.1 3.0
JPN 6.4 5.9 5.6 53 5.0 4.8 4.6 4.4 4.1 3.9 4.0
KOR 2.4 2.6 2.7 2.9 3.0 31 3.0 31 3.1 3.0 3.0
NLD 1.7 1.7 1.7 1.8 17 17 17 1.6 1.6 15 15
POL 12 13 13 13 13 13 13 13 14 14 13
RUS 2.0 2.0 2.0 18 1.8 1.7 1.6 1.6 18 1.9 1.8
SWE 1.2 11 11 11 10 1.0 11 1.0 1.0 1.0 1.0
USA 25.7 24.9 24.0 23.6 22.9 22.3 21.7 21.2 20.5 19.6 19.4
ZAF 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.6 0.6
EU13 3.3 3.6 3.6 3.5 35 35 3.4 3.4 3.4 3.4 3.2

EU15 28.9 28.2 27.7 27.5 27.0 26.7 26.3 25.4 24.9 24.2 23.6
EU28 32.2 31.8 313 311 30.5 30.2 29.8 28.8 28.3 21.7 26.9
OECD 76.8 75.1 735 72.7 71.2 70.2 68.9 67.2 65.9 64.0 62.7
WORLD 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Despite the difference in figures between Scopus and ¥doSequent to variations in journal coverage,

the results from the analysis are consistent: China and the USA continued to produce the highest number
of publications and accounted for the greatest shares of world publications, followed by the UK, Germany,
India and Japan. China and I ndiads strong growth
while nearly all other countries experienced corresponding declines in their shares, and emerging science
systems continued to grow strongly while masablished systems displayed less growth. Germany
remained a strong contributor to the worldwide science system with high numbers and shares of
publications, despite relatively low growth rates and the influence of China on world shares.

Table 3 Theshares of selected countries and groups of world publications between 2007 and 2017, based
on fractional counting, from Scopus.

COUNTRY 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
AUT 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
BEL 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.7 0.7 0.7
BRA 1.9 2.1 2.2 2.3 2.3 2.4 2.4 2.4 2.3 2.4 25
CAN 3.0 2.9 3.0 2.9 2.8 2.8 2.7 2.6 2.6 25 25
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di saggregated
which Germany is strongest in terrak number of publications, shares of worldwide publications and

growth over time. As such, the annual fractional counts of German publications in each discipline from
d from Dlecaigns s
per discipline are shown in Figure 4, and growth rates per discipline in Figure 5. To provide international
context, the shares from China and the USA of worldwide publications per discipline are presented in

In both databaseslinical medicine had by far the highest number of publications, accounting for around

20% of all German publications. Germany also demonstrated a strong publishing trend in the natural
sciences of biological sciences, physical sciences and astronomyhamdcal sciences, with these
disciplines having the next highest number of publications. Theseestallished disciplines are stable

over time with growth rates of betweeh6% and 1.6% per year between 2007 and 2017. Germany held

between 4% of worldvide publications in these disciplines in 2017, however the shares for these
disciplines have all decreased over time ¥yfdercentage points.

Table 4 The fractional count of German publications in each OECD discipline between 2007 and 2017,
from Web of 8ence.

Discipline 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Agriculture, forestry, fisheries 547 700 663 642 650 645 707 669 697 711 709
Animal and dairy science 176 185 196 187 171 207 184 171 159 160 156

Art 90 115 185 186 189 199 174 175 169 188 206

Basic medical researct 4402 4722 4815 4834 4691 4952 4913 4895 4932 4958 4892
Biological sciences 7303 7419 7301 7684 7695 7847 7654 7961 7800 7740 7611
Chemical engineering 584 539 570 651 649 635 668 633 710 752 794
Chemical sciences 5900 5906 6081 6238 6482 6528 6664 6639 6897 6717 6890

Civil engineering 383 368 372 382 418 439 426 478 514 551 535
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n

by
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Clinical medicine 13725 13988 14291 14570 14578 14539 14784 13986 14401 14959 14737

Computer and information sci 784 846 863 872 1050 1020 1039 1095 1112 1147 1181
Earth and related environ. sci 2311 2622 2669 2784 2890 2998 3274 3293 3517 3681 3494
Economics and busines 722 907 1059 1147 1256 1436 1583 1658 1763 1943 1869
Educational sciences 170 207 192 249 262 249 309 338 354 393 409
Electrical eng., electronic eng 838 879 911 886 954 997 998 1034 1096 1151 1181
Environmental biotechnolog 534 489 470 583 571 569 642 696 699 634 683
Environmental engineering 368 372 443 433 597 573 735 799 892 1026 1039
Health sciences 1464 1600 1643 1765 1841 1966 2022 2124 2136 2275 2370

History and archaeology 236 294 343 371 406 417 431 428 441 488 489

Industrial biotechnology 84 92 91 126 104 123 189 181 181 193 191
Languages and literature 305 423 435 458 580 521 595 568 576 708 682
Law 76 110 126 142 172 166 109 95 120 170 120

Materials engineering 2044 1999 2082 2123 2297 2266 2203 2336 2428 2503 2563
Mathematics 2015 2171 2228 2072 2313 2345 2442 2415 2599 2583 2572

Mechanical engineering 983 959 1076 960 1123 1073 1182 1164 1260 1331 1399
Media and communication: 81 88 100 90 103 108 124 141 159 212 204
Medical engineering 380 379 403 441 456 456 473 487 472 512 486
Nanotechnology 234 285 283 304 344 350 363 428 476 486 465

Other agricultural sciences 295 298 311 332 364 366 349 370 369 393 354
Other eng. and technologie 1084 1098 1161 1153 1219 1273 1204 1269 1267 1355 1397

Other humanities 54 67 68 61 99 89 66 97 65 153 91
Other natural sciences 460 575 541 833 1388 2124 2674 2700 2858 3214 3570
Other socialsciences 60 77 103 115 127 126 169 186 170 267 219

Philosophy, ethics and religior 168 214 245 263 269 324 309 336 409 415 420
Physical sciences and astronon 7253 7472 7541 7568 7938 8091 7942 7568 7246 7109 6951
Political science 290 285 343 343 310 371 362 417 430 525 512
Psychology 933 1056 1118 1173 1314 1411 1595 1718 1739 1788 1863
Social and economic geograpt 171 190 253 298 318 342 435 458 554 613 644
Sociology 246 320 314 321 364 401 444 438 506 513 515
Veterinary science 593 567 596 551 567 625 558 496 463 466 499
Overall 58346 60883 62485 64191 67119 69167 70994 70940 72636 74983 74962

Table 5 The fractional count of German publications in each OECD discipline between 2007 and 2017,

from Scopus.

Discipline 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Agriculture, forestry, fisheries 914 912 934 1019 1210 1519 1668 1623 1592 1530 1601
Animal and dairy science 568 529 521 505 553 558 537 543 530 525 552

Art 28 50 73 76 90 150 109 106 123 130 123

Basic medical researct 4378 4385 4230 4341 4423 4616 4628 4476 4516 4698 4524
Biological sciences 7846 7770 7914 7989 8400 8835 8845 8768 8688 8528 8569

Chemical engineering 864 830 843 884 938 936 1022 1105 1166 1425 1331
Chemical sciences 4955 5040 5422 5381 5591 5627 5802 5776 5970 5899 6199

Civil engineering 146 168 172 177 196 200 207 250 303 306 413

Clinical medicine 15592 14726 16446 17121 17805 17915 18305 17899 17868 17963 17932

Computer and information sci 1133 1292 1467 1419 1589 1567 1622 1781 1676 1704 1893
Earthand related environ. sci 3780 4162 4378 4767 4879 5169 5402 5586 5666 5756 5759
Economics and busines 972 1095 1395 1590 1832 1915 2093 2260 2164 2306 2214
Educational sciences 184 229 280 333 337 387 487 504 496 526 589
Electrical eng., electronieng. 641 647 644 620 674 677 723 746 811 772 785
Environmental engineering 66 84 90 95 132 144 177 209 235 261 309
Health biotechnology 87 87 115 129 143 383 194 164 168 181 191
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575

7662
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1155
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450
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103
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317

1957
389
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This decrease may be due to the influence of China which has expanded its share of publications in all

disciplines in WoS and all but seven disciplines in Scopus during the reference period. For instance, China

increased its share of worldwide pwalfions in clinical medicine by 75.7% in WoS and 44.7% in Scopus

over the reference period. Other large increases were observed for basic medical research (78.8% in WoS,

60.6% in Scopus), biological sciences (66.1% in WoS, 59.9% in Scopus), and cheiritadss¢37.7%

i n Wo S, 35.

Chinads increased

6 %

i n

Scopus)
out put ,
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Chemical engineering
Sociology
Other eng. and technologies
Mechanical engineering
Nano-technology
Materials engineering
Industrial biotechnology
Media and communications
Civil engineering
Computer and information sci.
Health sciences
Environmental engineering
Agriculture, forestry, fisheries
Other agricultural sciences
Other social sciences
Educational sciences
Other humanities
Animal and dairy science
Electrical eng., electronic eng.
Law

Figure 4 The German share of world publications in 2007 and 2017 in each OECD discipline based on

fractional counting.
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Figure 5 The CAGR of German publications by OECD disciflateseen 2007 and 2017 for Web of
Science and Scopus, based on fractional counting.

The USAOGs | argest contributions to the science sy
for up to 40% of worldwide shares of publications in disciplines sischsychology, sociology, law, and

media and communications. Germany held its highest shares in the soft sciences of psychology (6.5% of
worldwide publications), political sciences (6.1%), and languages and literature (5.7%) in WoS, and in
psychology (5.860), physical sciences and astronomy (5.3%), and clinical medicine (5.0%) in Scopus.
Conversely, Chinabds |l argest contributions were i
stronger and earlier coverage of Chinese publications is evident in Bigumere much larger increases

in shares per discpline are seen between 2007 and 2017 in WoS than in Scopus, and Chinese publications

in Scopus account for higher proportions of worldwide publications in both years.
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Figure 6 The Chinese share of worldagfioations in 2007 and 2017 in each OECD discipline based on
fractional counting.

The growth rates of disiplines should be interpreted cautiously, particularly between databases.
Disciplines with the strongest growth rates in both databases often hadadewf publications in 2007

on which to build. Also the fastegtowing disciplines in Scopus were primarily from the arts and
humanities so their high growth is likely partially due to greater coverage of arts and humanities journals

in the database owdime. Further, there are differences in the mapping of the internal classification
structures of the databases to the FOS structure
sciences® had the highest grionwt dimurlattiediisrci Wb B n avihy
assigned to this discipl i ne rangelgiowtreratedio $copasrwheneatt ur a |
is based on publications in the ASJC categories energy, fuel and materials sciences. These differences in
discidines and databases should be considered when analysing these results.
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Figure 7 The US share of world publications in 2007 and 2017 in each OECD discipline based on
fractional counting.

4.2 Impact Indicators

The following section presents and discussesSttientific Regard (SR), International Alignment (IA),

and Excellence Rate (ER) indicators by country and group of countries, and the proportions of uncited
publications, publications cited more frequently than the median or 75th quartile by country amd gro

We also present the ER for countries when only literature published in English is considered. Together
these indicators provide information about Ger man
to other countries and groups of countries.
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