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Executive Summary &

Key Findings

Elsevier has conducted a review of interdisciplinary research in
the UK in 2009-2013. The report was commissioned by the UK
higher education funding bodies and the Medical Research

Council MRC).

Interdisciplinary research (IDR) is often
believed to have great potential to contribute
to research breakthroughs, address societal
problems, and foster innovation. Conceptually
we use IDR as a broad term that is inclusive of
multidisciplinary, interdisciplinary and
transdisciplinary research.

As a national effort to assess the quality of
research produced by the UK's higher
education institutions, the Research
Excellence Framework (REF) plays a key role
in the UK's future research policy design and
funding allocations. An underpinning principle
of the REF is that all forms of research output
across all disciplines, including IDR, are
assessed on a fair and equal basis.

This project will feed into the broader
evaluation work of the REF by providing
contextual information on the UK's
interdisciplinary landscape within which the
funding bodies will be able to consider the
REF data.

We use a citation-based approach to identify
IDR and measure interdisciplinarity. The basic
principle behind our approach is that, if an
article cites papers that are “far away"” from
each other in terms of their topics, it is likely
to be interdisciplinary. Otherwise, it is likely to
be a monodisciplinary article. Our measure of
IDR is a score based only on the research
output and does not take into consideration

the underlying processes of knowledge
integration in cross-discipline research.

The advantage of our approach is the lack of
reliance on any pre-defined subject
classification to define interdisciplinarity, and
is flexible enough to capture the dynamics of
the research landscape in which subjects are
constantly emerging and changing. We
however also recognise the limitations of the
approach when looking at a subset of the
research outputs produced by the UK, in
particular the publications in the research
domain of the Humanities.

Using this method, we are able to calculate a
measure of interdisciplinarity for 78% of all
publications in Scopus in the period 2009-
2013. The percentage is in general lower for
the Humanities, and to a lesser extent for
Social Sciences, Computer Science and
Engineering. Publications are ordered
according to their IDR scores, and a threshold
is set at the 90th percentile to obtain the top
10% IDR worldwide: the 10% of publications
with the highest measure of interdisciplinarity.
In the report, we compare these publications
in the top 10% IDR to all publications with an
IDR score, using various indicators such as
citation impact, download and patent citation
frequency, and the extent of collaboration.

Our results lead to three main conclusions:
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3 Emerging countries that have grown their
research output rapidly such as China and
Brazil have a higher share of IDR
publications out of their total research
output.

3 IDRis associated with a lower citation
impact overall, but a higher level of citations
in patent applications.

3 IDRis correlated with lower levels of
international collaboration, but the strength
of its association with industry collaboration
depends on the contextual situation of each
country.

In 2009, 7.9% of all UK publications with an
IDR score belonged to the world's top 10%
most interdisciplinary publications. The
percentage increased to 9.1% in 2013,
implying a growing intensity of IDR among UK
publications. This trend can also be found in all
comparator countries.

China and Brazil lead all comparator countries
on this indicator from 2009-2013. In 2013,
12.3% and 11.0% of China and Brazil's
publications, respectively, belong to the
world's top 10% IDR papers.

Both the UK's overall and the UK's top 10%
IDR publications are of high quality as
indicated by citation impact. In 2013, the
field-weighted citation impact (FWCI) of all of
UK's publications with an IDR score is 1.71,
and that of the UK's publications that belong
to the world's top 10% IDR is 1.35. Both
measures are the highest among all
comparator countries and are much higher
than the world average FWCI of 1.

For all comparator countries including the UK,
the FWCI of the publications that belong to
the top 10% IDR is lower than that of all
publications with an IDR score in the period
2009-2013. This suggests that the most

interdisciplinary research has a lower citation
impact than other publications.

There are many plausible reasons that IDR is
associated with lower citation impact. The
field-normalized citation measures may be
more precise for monodisciplinary publications
than for the interdisciplinary ones. Barriers to
conducting IDR may play a role in preventing
the integration of knowledge from multiple
disciplines and attracting the best
researchers to conduct IDR. Additionally,
citing behaviour may differ for IDR
publications, and therefore it takes longer for
IDR’s impact and value to be recognized.
Testing these plausible reasons goes beyond
the scope of this report and will require
further research.

Despite their lower overall citation impact,
IDR publications are cited more frequently in
patent applications for many of the
comparator countries. For example, in 2013,
Germany's publications with an IDR score are
cited 1.71 times more frequently in patent
applications than the world average, and
Germany's world's top 10% IDR publications
are cited 2.24 times more frequently. One
possible explanation that deserves further
investigation is that IDR may often represent
applied research, reducing barriers associated
with the application of research to industry
needs and problems.

There are strong correlations between
whether a publication is an international
collaboration and the citation impact of that
publication. Both the UK's overall and the UK's
top 10% IDR publications are highly
international. In 2013, around half of the UK's
publications with an IDR score involve at least
one author outside of the UK. However,
among the UK’s publications that belong to
the world's top 10% IDR, a lower percentage
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can be classified as international
collaborations (45.5%).

For Germany and Japan, the top 10% IDR
publications more often involve academic-
corporate collaboration than the overall
publications. For the UK in the period of
2009-2013, around 4.9% of all publications
with an IDR score involve collaboration with
industry. The number drops slightly to 4.7%
when restricting to publications that belong to
the world's top 10% IDR.

Our data and analysis provide contextual
information about IDR in the UK and
comparator countries. More research is
needed to investigate the underlying causes
that lead to conclusions in this report.
Combining our conclusions and the causes will
be essential for deriving policy advice for
research managers, funding bodies, and policy
makers about barriers to conducting IDR and
how to reduce them, and whether there is
need for IDR to go beyond the borders of any
one institution, country, or sector in order to
achieve high citation impact.
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Key Findings

SHARE OF UK PUBLICATIONS IN WORLD'S
TOP 10% IDR

99.1%

FWCI OF UK PUBLICATIONS IN WORLD'S
TOP 10% IDR

61.35

INTERNATIONAL COLLABORATION OF UK
PUBLICATIONS IN THE TOP 10% IDR

645.5%
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Preface

Elsevier is proud to be commissioned by the UK higher
education funding bodies and the Medical Research Council
(MRC) to conduct a citation-based review of the UK's
interdisciplinary research (IDR) and compare it to eight
comparator countries based on the analysis of publication and
citation data in the period 2009-2013.

The purpose of this report is to feed into broader evaluation
work of the Research Excellence Framework (REF). The report
will provide contextual information on the UK's interdisciplinary
landscape within which the funding bodies will be able to
consider the REF data.

The importance of interdisciplinary research was highlighted in
the recent Triennial review of the research councils. The review
noted a perception that it was more difficult to win support for
multi/inter/cross disciplinary research from the research
councils, although the evidence for this was anecdotal.

Whether interdisciplinary research is adequately supported by
the research councils is also a question to be addressed in the
recently announced review of the research councils led by Sir

Paul Nurse.

There are no accepted definitions or measures of disciplinarity
which could be used to track changes in success rates, demand
for funding or other changes in UK research. The Research
Councils are therefore interested in methodology for measuring
the 'disciplinarity’ of research projects/programmes to support
a better understanding of the levels in interdisciplinary research
in the Research Councils portfolios, benchmarking with other
organisations/countries etc., and also the possibility to
investigate some of the perceptions around the funding of
interdisciplinary research.

Elsevier hopes that this review will provide the customers with
a deeper understanding of the UK's IDR, and will contribute to
their strategic decision-making. We however recognise that a
citation-based approach may limit the analysis from providing
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comprehensive understanding for some disciplines, e.g., Arts
and Humanities and some disciplines in Social Sciences.
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Introduction and
Literature Review

Finding solutions for many of the pressing issues the world is
facing today reaches beyond the boundary of one academic
discipline. The study of climate change for instance requires
understanding of the complexity of nature (e.g., oceans, seas,
rivers, energy, land, air) and its elaborate interactions with
human society (e.g., through energy use, consumption and
production behaviours, transportation, cultural values,
institutions and governance). Knowledge from various
disciplines in the natural sciences, the social sciences, and arts
and humanities needs to be integrated and synthesized to
reach a full understanding of the issues behind climate change.

. Similarly, food security will not be achieved without the
development of knowledge in biology and food research to
increase food productivity and food varieties. Nor will food
security be achieved without advances in the social sciences
and economics to understand underlying institutions (e.g., land
tenure systems, market related institutions to stabilize food
prices) and behaviours (e.g., creating incentives for farmers to
increase productivity). Moreover, interdisciplinary research
(IDR) combining various research domains including the arts and
humanities is essential in addressing ethical issues in research
in the Health Sciences. IDR is therefore in high demand for
addressing these societal problems.

. The National Academy of Sciences of the United States of

America (USA) summarizes the following four challenges driving

IDR in its report “Facilitating Interdisciplinary Research™:

3 The inherent complexity of nature and society

3 The drive to explore basic research problems at the
interfaces

3 The need to solve societal problems of disciplines

3 The stimulus of generative technologies

It also regards IDR as having the potential to produce novel and

even revolutionary insights.

Available at http://www.nap.edu/catalog/11153/facilitating-
interdisciplinary-research.
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What is the difference between multidisciplinary,
interdisciplinary, and transdisciplinary research?

Even though terms such as multidisciplinary research and
interdisciplinary research are often used interchangeably, the
reviewed IDR literature makes a distinction among these
terms.”

Multidisciplinary research is sometimes viewed as no more or
less than the simple sum of parts from multiple disciplines.
“Theory, methods, and interpretive standards of the different
disciplines are employed. Interpretation of the results from
different disciplines typically occurs post hoc, often from the
perspective of one discipline that may emerge as dominant
within the project.”

Interdisciplinary research integrates separate disciplinary data,
methods, tools, concepts, and theories in order to create a
holistic view or common understanding of a complex problem.
Beyond that, transdisciplinary research transcends the scope
of monodisciplinary worldviews to reach an overarching
synthesis. Examples of the results of transdisciplinary research
include the concepts of sustainability and feminism.

Nissani (1995)" in an attempt to develop a working definition of
interdisciplinarity, offered the metaphor of mixing fruits. Fruit
(apple, mango, orange, etc.) may be served alone
(monodisciplinary), in a fruit salad (multidisciplinary), or blended
as a smoothie (interdisciplinary). Extending this metaphor to

Literature that discusses the differences of these terms include:

1 Schummer, J. (2004). Multidisciplinarity, interdisciplinarity, and
patterns of research collaboration in nanoscience and
nanotechnology. Scientometrics, 59(3), 425-465.

1 Sonnenwald, D. H. (2007). Scientific collaboration. Annual Review of
Information Science and Technology, 41(1), 643-681.

1  Wagner, C. S., Roessner, J. D., Bobb, K., Klein, J. T., Boyack, K. W.,
Keyton, J., Boyack, K., Keyton, J., Rafols, |., and Bérner, K. (2011).
Approaches to understanding and measuring interdisciplinary
scientific research (IDR): A review of the literature. Journal of
Informetrics, 5(1), 14-26.

“Rossini, F. A.,and Porter, A. L. (1979). Frameworks for integrating

interdisciplinary research. Research Policy, 8(1), 70-79.

* Nissani, M. (1995). Fruits, salads, and smoothies: A working definition of

interdisciplinarity. Journal of Educational Thought, 29(2), 121-128.
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transdisciplinarity, one might imagine using the smoothie as the
basis for a new dessert.”

Monodisciplinary: apple
r

Multidisciplinary: fruit salad

Interdisciplinary: smoothie

8. The major difference among the three types of cross-
disciplinary research is not only the outcome (to what extent
knowledge from multiple disciplines is integrated in the
resulting research output) but also the cognitive and social
processes (e.g., how cross-disciplinary team members interact,
how concepts from multiple disciplines are integrated). In
practice, quantitatively assessing the processes is difficult and
costly. In this report, we measure only the outcome, not the
process. We therefore do not make any distinction between the
three types of cross-disciplinary research (multi, inter, and
trans). In this sense, cross-disciplinary research is arguably the
proper term to refer to these three types. However, cross-
disciplinary research is a less widespread term compared to
interdisciplinary research, especially among policy makers,
funders, and the wider audiences. We therefore use the term
“interdisciplinary research” throughout the report to refer to all
three types of cross-disciplinary research.

Measures of IDR and our approach
9. Both qualitative and quantitative approaches are used to

measure IDR. Qualitative measures usually focus on the
cognitive and social processes in IDR, trying to detect

° Austin, W., Park, C., et al. (2008). "From interdisciplinary to
transdisciplinary research: A case study." Qualitative Health Research
18(4). 557-564.
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integration in the research process, to assess the value of the
outcomes of collaborative work and to develop causal
inferences about the factors that influence these outcomes. °
They usually rely on self-assessments by participants using
scales of the level of collaboration that occurred. ’

10.For the quantitative measures, Wagner et al. (2011)° reviewed
two approaches each consisting of various IDR measures. They
call the first and more frequently used approach a “structuralist
approach”. This approach includes measures of IDR using for
example citation analysis, author affiliations, or co-occurrences
of keywords from multiple disciplines. Citation analysis makes
use of the information contained in article’s references or in the
articles citing it. The underlying assumption is that
interdisciplinary articles are more likely to cite articles from
multiple disciplines and are also more likely to be cited by
articles from multiple disciplines. Citation analysis is the most
frequently used method in measuring IDR. © Besides citation
analysis, other studies consider whether and to what extent
authors of the article are affiliated with faculties from multiple

° Drawn from Wagner, C. S., Roessner, J. D., Bobb, K., Klein, J. T., Boyack,
K. W., Keyton, J., Boyack, K., Keyton, J., Rafols, |., and Bérner, K. (2011).
Approaches to understanding and measuring interdisciplinary scientific
research (IDR): A review of the literature. Journal of Informetrics, 5(1), 14-
26.

" Examples include:

1 Hall, K. L., Stokols, D., Moser, R. P., Taylor, B. K., Thornquist, M. D.,
Nebeling, L. C., et al. (2008). The collaboration readiness of
transdisciplinary research teams and centers. American Journal of
Preventive Medicine, 35, S161-5172.

1 Maésse, L. C., Moser, R. P., Stokols, D., Taylor, B. K., Marcus, S. E.,
Morgan, G. D, et al. (2008). Measuring collaboration and
transdisciplinary integration in team science. American Journal of
Preventive Medicine, 35, S151-5160.

“Wagner, C. S., Roessner, J. D., Bobb, K., Klein, J. T., Boyack, K. W.,

Keyton, J., Boyack, K., Keyton, J., Rafols, |., and Bérner, K. (2011).

Approaches to understanding and measuring interdisciplinary scientific

research (IDR): A review of the literature. Journal of Informetrics, 5(1), 14-

26.

 Examples using citation analysis include:

1 Adams, J., Jackson, L., and Marshall, S., 2007. Bibliometric analysis
of interdisciplinary research. Report to the Higher Education Funding
Council for England. Evidence, Leeds.

1 Rinia, E. J., van Leeuwen, T.N., and van Raan, A. F. J. (2002). Impact
measures of interdisciplinary research in physics. Scientometrics, 53,
241-248.
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disciplines'” or whether the article contains vocabulary specific
to several disciplines as an indication of IDR.

11.Wagner et al. (2011) called the second approach for IDR
measurement “spatial distances”. This approach tries to
describe the landscape or space within which science operates.
For instance, Leydesdorff (2007)"* has suggested that
betweenness centrality can be used as a measure of IDR at the
journal level: the more central a journal is in a journal network,
the more likely that the journal is interdisciplinary. The “spatial
distance” approach is often more suitable as an IDR measure
for a set of documents instead of one paper.

12.In this report, we measure IDR at the article level.”* We
therefore adopt the “structuralist approach”, specifically
citation analysis, as a measure of IDR. Since citations take time
to accumulate, the most recent publications (2009-2013) have
not been cited often. Results that rely on these small numbers
of citations will be less precise.

13.Instead, our approach assigns an IDR score to an article based
on its references. Articles that reference other articles that are
relatively “far” from each other are considered more
interdisciplinary. If an article references other articles that are
relatively “close” to each other, this suggests that the original
article is situated or categorized within a single discipline.

14 .To define how “far” or “close” the references of an article are,
we look at the journals in which they are published. If these
journals are “far” from each other, these references are also
“far” from each other. If the journals are “close”, we class the
references as being “close”.

15.How, then, do we define whether two journals are “far” from or
“close” to one another? We count the frequency in which two

0 See Porter, A. L., Roessner, D. J., and Heberger, A. E. (2008). How
interdisciplinary is a given body of research? Research Evaluation, 17,
273-282 and Schummer, J. (2004). Multidisciplinarity, interdisciplinarity,
and patterns of research collaboration in nanoscience and
nanotechnology. Scientometrics, 59, 425-465.

** Leydesdorff, L. (2007a). Betweenness centrality as an indicator of the
interdisciplinarity of scientific journals. Journal of the American Society
for Information Science and Technology, 58, 1303-1319.

2 The measures are then aggregated at the country level to provide
results on international comparison of the absolute number of IDR and are
also aggregated for each year to show the trend of development of IDR.
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journals are co-cited in the references of all Scopus
publications for a certain period. The more often those journals
occur together, the more likely that they are close to each
other. The figure below summarizes the logic behind our
method, and a detailed description of the method is included in
Appendix A.

Are the journals
included in the

Is an article
references 0
from each other?

interdisciplinary?

16.There are two major advantages of our method. Firstly, the
notion of “far” or “close” is independent of any pre-defined
subject classification, and purely determined by how often the
journals co-occur in article references. One problem with using
journal classification is that journal classification schemes
require stability and therefore do not always reflect new
development in areas of research. Similarly, the rigidness of
such a classification system does not allow for quantifying
subtle versus large differences between disciplines. A
publication from one relatively small discipline that cites
another publication in the nearest adjacent discipline would be
categorized as interdisciplinary. However, if a publication in a
larger discipline cites a publication that is still within the larger
discipline but on a largely unrelated topic it would not be
categorized as interdisciplinary.

17.Secondly, our approach captures the dynamics of the research
landscape. Subject areas are constantly emerging and
changing. What is considered IDR today may be
monodisciplinary tomorrow. Our approach accommodates this
phenomenon. Since we measure how “far” or “close” the journals
are based on co-citations, our measure of the distance between
journals changes when we apply the method to different
document sets. For instance, if subjects A and B merge into a
single discipline during the period 2009-2013, 2009 co-
occurrence data would imply that journals from subject A and B
are further from each other than 2013 data.*”

%' We have tested this hypothesis (see Appendix A for details) and
conclude that five years (2009-2013) is too short a period for the
research landscape to see dramatic changes. In order to achieve more
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Limitations of the methodology

18.A body of literature is available on the limitations and caveats in
the use of ‘bibliometric’ data, such as the accumulation of
citations over time, the skewed distribution of citations across
articles, differences in publication and citation practices
between fields of research, and applicability to Social Sciences
and Humanities research™*. More broadly, Wilsdon, J., et al.
(2015)*° provides a review of using metrics in assessing the
quality and broader impact of scientific and scholarly research.
They also raised a few concerns regarding the use of metrics
and proposed the notion of using “responsible metrics” in
research assessment.

19.In the Social Sciences and the Humanities, the bibliometric
indicators presented in this report for these research domains
must be interpreted with caution because a reasonable
proportion of research outputs in such research domains take
the form of books, monographs and non-textual media. Despite
the continuous efforts in increasing the coverage (in particular
for books) in Scopus, some of these document types are not
covered by Scopus’®. As such, analyses of journal articles,
reviews and conference proceedings, their usage and citation,
provides a less comprehensive view in these research domains
than in others, where these three types of documents comprise
the vast majority of research outputs.

20.Related to this point and more specific to our methodology in
defining IDR, our approach is a citation-based approach. This
implies that the results from the analysis are more robust for
some research domains than for others. In order for a
publication to obtain a score using our method, this publication

robustness in our results, we have used the full five year data (2009-
2013) to calculate the distances of journals.

* To distinguish the research domain Arts & Humanities from the Scopus
subject area Arts & Humanities, in this report we use “the Humanities”
when referring to the research domain Arts & Humanities which includes
the divisions listed in Appendix C.

2 Wilsdon, J., et al. (2015). The Metric Tide: Report of the Independent
Review of the Role of Metrics in Research Assessment and Management.
DOI: 10.13140/RG.2.1.4929.1363

® See Scopus Content Coverage Guide at
http://www.elsevier.com/_data/assets/pdf file/0007/69451/sc_content-
coverage-guide_july-2014 .pdf for the list of document types covered in
Scopus.
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must have sufficient number of references that are covered by
Scopus. In the Humanities, a relatively large percentage of
publications either do not contain references in the form of a
bibliography or do not contain enough references covered by
the Scopus database. As an abstract database, Scopus does
not include the full text of publications and therefore does not
cover references in the form of footnotes.

21.We are able to obtain an IDR score for 8.7 million publications
out of in total 11.2 million publications covered by Scopus in
the period 2009-2013. This implies that 78% of the Scopus
publications in this period are used in this report. The
percentage differs from field to field and from country to
country. We provide detailed percentages in Appendix A. In
general our method can tell how interdisciplinary an article is
for the great majority of publications in the research domains
Natural Sciences, Engineering& Technology, Health Sciences,
and (to a slightly lesser extent) Social Sciences. For the
Humanities, the percentages are lower. This may limit the
ability of the approach to give a comprehensive view of IDR in
the Humanities, and the results on the Humanities in this report
require cautious interpretation.

22.5ince most publications get an IDR score with our method, we
are able to sort the publications by their IDR scores and
examine the world's top 10% most interdisciplinary
publications for the period 2009-2013."” Throughout the
report, this set of publications is compared to all publications
with an IDR score to investigate whether IDR is associated with
high citation impact, high usage, and high levels of
collaboration.

" The IDR score is a continuous variable between -1 and 1. Publications
with the lowest scores usually involve IDR across research domains (e.g.,
natural sciences with social sciences). When the score increases, we
encounter the publications with collaborations within the research
domains. The ones with the highest scores are the monodisciplinary
publications.
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Scopus (www.scopus.com)

Scopus is Elsevier's abstract and citation database of peer-reviewed literature,
covering 55 million documents published in over 21,000 journals, book series and
conference proceedings by some 5,000 publishers. Scopus coverage is inclusive
across all major research fields, with 7,400 titles in the Physical Sciences, 6,700
in the Health Sciences, 4,400 in the Life Sciences, and 7,600 in the Social
Sciences (the latter including 4,200 Arts & Humanities related titles).

Titles which are covered are predominantly serial publications (journals, trade
journals, book series and conference material), but considerable numbers of
conference papers are also covered from stand-alone proceedings volumes (a
major dissemination mechanism, particularly in the Computer Sciences).
Acknowledging that a great deal of important literature in all research domains (but
especially in the Social Sciences and the Arts & Humanities) is published in books,
Scopus has begun to increase book coverage in 2013, aiming to cover 75,000
books by 2015.

The Arts and Humanities

As of 2008, Scopus covered around 2,000 humanities titles. In 2009, to increase
the number of humanities titles in the database, project MUSE (a not-for-profit full-
text platform of many Humanities journals with international relevance from
primarily US-based university presses) and the initial European Reference Index for
the Humanities list were used to identify additional relevant titles. In 2011, a
similar project was executed in which the coverage of the revised European
Reference Index for the Humanities list, the Social Science Citation Index, the Arts
& Humanities Citation Index, the titles list of Evaluation Agency for Research and
Evaluation, France, and the humanities journal indexes Cairns and Francis were
used. These journals were reviewed and added, together with the humanities titles
selected for Scopus coverage via the Scopus Title Evaluation Process.

Scopus coverage has now grown to almost 3,500 humanities titles (4,200 when
including humanities-related titles) and includes all serial publication types, such as
journals, book series and conference series. The majority of Humanities titles
(80%) go back to 2002 while 15% of titles go back as far as 1996 and 5% of
titles do not have any back coverage. There are plans to extend the coverage of
additional journals back to 1996.
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Subject classification

23.The Australian and New Zealand Standard Research
Classification (ANZSRC)"“is used for subject classification
throughout the report. Scopus All Science Journal
Classification™” was mapped to ANZSRC groups. More
specifically, we mapped the Scopus detailed subject
classification (334 subjects) to 157 ANZSRC groups. Appendix
B lists the exact mapping. We report at the level of 22 ANZSRC
divisions. With the hierarchy structure of the ANZSRC, each
division consists of multiple groups. Therefore, each division is
an aggregation of publications that belong to the groups under
this division.”"

24 .With this mapping:

3 All Scopus subjects are matched to at least one ANZSRC
group except the subject Multidisciplinary, which includes
journals such as Nature and Science. This subject does not
have a match in ANZSRC. The publications belonging to
Multidisciplinary in Scopus are included when we report
indicators for “All divisions” but they will not influence any
individual division.

3 Out of the 157 ANZSRC groups, 137 are matched to at
least one Scopus subject. This means that 20 ANZSRC
groups are not matched. They are at a more detailed level
than the Scopus detailed subjects. These 20 groups are
listed in Appendix B.

3 Each publication is assigned to one or multiple divisions
depending on the journal in which it is published.

For consistency, throughout the report we refer to the
components of ANZSRC as “divisions” or “groups”, and refer to
the components of Scopus All Science Journal Classification
as “subjects” or “subject areas”. We also sometimes refer to a
group of ANZSRC divisions as a “research domain”. The
mapping between ANZSRC divisions and the research domains
used in the report is presented in Appendix C.

8 http://www.arc.gov.au/era/anzsrc.htm

“ The list of Scopus subject areas can be found in the title of Scopus at
http://www.elsevier.com/_data/assets/excel doc/0015/91122/title list.xl
SX.

Y One publication may belong to multiple groups within one division. When
aggregating to the division level, duplicated publications are removed.
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This chapter summarizes the findings on IDR output. It compares the IDR output of
the UK to comparator countries in both absolute and relative terms. It also uses a
relative IDR index to detect divisions in which there is a high level of IDR activity for
each country. Additionally, it analyses to what extent IDR publications are
contributed by academia.
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1.1 Key findings

PERCENTAGE OF THE UK'S PUBLICATIONS ACADEMIA'S CONTRIBUTION TO IDR
THAT BELONG TO TOP 10% IDR

9 | 1 /o
In 2013 around 85% of the UK's publications
In 2013 around 9.1% of the UK's publications that belong to the world's top 10% IDR have

with an IDR score belong to world top 10% at least one author from academia.
IDR. China leads on this indicator (12.3%).

COUNTRIES THAT LEAD IN THE PERCENTAGE OF PUBLICATIONS THAT BELONG TO THE
TOP 10% IDR

China and Brazil

In 2013, 12.3% of publications authored by Chinese researchers with an IDR score belong to the
world's top 10% IDR. This is followed by Brazil with 11.0%.
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1.2 Emerging countries
are leading by share of
interdisciplinary
research out of total
output

25.The research landscape of the world has changed dramatically
in the past years with emerging countries®* such as China and
Brazil greatly increasing their research output in absolute and
relative terms. Take China for example: its research output
increased from 310,353 papers in 2009 to 444,744 papers in
2013, contributing to around 20% of world publications. This
trend is also reflected in Figure 1.1 which presents the number
of publications that belong to the world's top 10% IDR. In
2013, China catches up with the USA with 45,051 top 10%
IDR publications. UK researchers authored 12,210 top 10%
IDR publications in 2013, which is an increase from 8,757 in
2009. Histograms that present the number of publications in
different ranges of IDR scores for the UK and the world can be
found in Figure A.1 and A.2 in Appendix A.

How are publications counted?
We count the following types of documents as publications: articles, reviews, and
conference proceedings.

Full counting is used. For example, if a paper has been co-authored by one author from
the UK and one author from the USA, the paper counts towards both the publication
count of the UK and the publication count of the USA. Total counts for each country are
the uniaue count of publications.

» Countries that have increased their research output rapidly in recent
years.
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Figure 1.1— The number of publications that belong to the top

10% IDR; all divisions; per country; per year in the period of
2009-2013.
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26.1t is natural that the number of publications in the top 10% IDR

is highly correlated with the country's total publications:
countries with a larger number of publications are also more
likely to have a larger number of publications in the top 10%
IDR. Therefore, the absolute numbers do not tell how
intensively a country focuses its research activities on IDR.
Figure 1.2 takes this into consideration by normalizing the
absolute numbers of publications in the top 10% IDR by the
total number of publications (with an IDR score) of the country.
Strikingly in this figure, emerging countries (China and Brazil)
are leading. For all years in the period of 2009-2013, China
has the highest percentage of publications that belong to the
top 10% IDR. In 2013, 12.3% of publications authored by
Chinese researchers belong to the world’s top 10% IDR. This
number is followed by Brazil's 11.0% and ltaly’s 10.3%. The
USA and Japan have very similar percentages in 2013 (9.7%),
followed by the UK's 9.1%. Germany, Canada, and France have
the lowest percentages.
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27.Even though little information can be found in the literature on
which countries are more intensively involved in IDR, the more
mature countries in research (e.g., the USA and the UK) often
perform better than emerging countries in indicators such as
citation impact, collaboration, and usage by wider research
community and by industry. The picture changes when we look
at IDR: China and Brazil clearly hold the leading positions.

28.We have tested various hypotheses that may explain this
finding. First, is this finding caused by the relatively low
percentage of China’s publications that have an IDR score
(Figure A.5)? To test this hypothesis, we reproduced Figure 1.2
but restricted the document set to the division Biological
Sciences in which the percentage of publications that have an
IDR score is higher than 90% for all countries. China still has
the highest share of the top 10% IDR, followed by Italy and
Brazil. This hypothesis at least cannot fully explain the finding.

29.Second, is this because China’s publications concentrate more
on divisions that have a higher share of top 10% IDR
publications? Again we reproduced Figure 1.2 but for a number
of divisions, Biological Sciences and Technology, with a high
share of top 10% IDR publications, and Economics with a low
share. In all three divisions, China remains at the leading
position. Brazil takes either the second or the third position.
Again this hypothesis cannot fully explain the finding.

30.Third, is this because China has a high portion of publications
that only have a small number references? The fewer the
number of references, the less the information the IDR score is
based on and therefore the less reliable the IDR score is. China
and Brazil both have a high share of non-English publications in
local journals so it is possible that these publications are not
covered by Scopus. We did a simple test by comparing Figure
1.2 produced with and without publications with only two
references covered by Scopus. The two charts are similar,
implying that the small number of references is not the main
cause.

31.To probe the reasons behind this result, we take a closer look at
the development of interdisciplinary research in the UK and
China in Box 1. We see many similarities. Both the UK's
research councils and China’s science foundations are
supporting IDR. Many interdisciplinary research centres have
been set up in top universities in both countries, providing the
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organizational support needed for IDR. For China, the
recognition of the importance of IDR to innovations and
breakthroughs in research seems to be at a higher level: to
quote China's “National Guideline on Medium- and Long-Term
Programme for Science and Technology Development 2006-
2020" issued by the State Council of China, “Interactions
across research fields in basic sciences, between basic and
applied sciences, between science and technology, and the
integration cross natural sciences, arts, humanities and social
sciences, often result in major research discoveries and
emerging disciplines. It is one of the most active parts of
scientific research. We need to give high attention to it in our
research management”.

32.Another plausible reason for China’s high percentage of top
10% IDR is that the establishment of its discipline-based
faculty system is relatively new compared with the countries
that are more mature in research. From Soviet Union style
university and faculty systems in the 1950s to more
European/American style faculty systems nowadays, Chinese
universities and colleges have experienced many big changes in
their organizations. Many universities merged and, within
universities, many faculties reorganized. This may have led to a
higher level of cross-faculty researcher mobility and
collaboration compared to countries such as the USA or the UK
where the faculty systems have been established for more than
100 years.

33.0ur publications and citation data are not sufficient to test
these two plausible reasons (the recognition of IDR at a higher
level in China and China’s relative newer faculty system). More
qualitative research is needed to verify these reasons.



1IDR OUTPUT

26

+

Figure 1.2— Percentage of publications with an IDR score that
belong to the top 10% IDR; all divisions; per country; per year

from 2009-2013.

Percentage of a country's publications that belong to top 10%

IDR

13%

12%

11%

10%

9%

8%

7%

6%

5%

4%

/ CHN
/ -
/ ITA
USA
/ © IPN
/ Uk
DEU
CAN
FRA
—
2009 2010 2011 2012 2013




1IDR OUTPUT

27

34.The percentages of research output that belong to IDR differ
1.
, ,divisions the )

the ,
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