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Introduction

This study was commissioned by the Department of Science & Technology (DST), an
organisation of the government of India, and carried out by Elsevier's Analytical

Services under guidance from the ECB.

“The Department of Science & Technology (DST) was established in
May 1971, with the objective of promoting new areas of Science &
Technology (S&T) and to play the role of a nodal department for

organising, coordinating and promoting S&T activities in the country.”

Source: DST website, introduction available at
http://www.dst.gov.in/about-us/introduction

DST's responsibilities include
3 Formulating national policies relevant to S&T.
3 Promoting new areas of S&T with a specific focus on emerging fields.
3 Fostering cross-sector linkages in S&T areas.
3 Allocating funding to Scientific Research Institutions and Scientific

Associations and Bodies.

Considering these aims, it is crucial for DST to maintain a deep understanding of India's
research performance, through time and benchmarked with other nations, overall and for
subject areas relevant to S&T. This study aims to provide DST with such necessary

insights. In order to do so, this study provides analyses around three main themes:

3 India's international comparative research performance (Chapter 1).
3 Factors of success of India’s research (Chapter 2).
3 The Indian research landscape (Chapter 3).

Data are provided overall and for 16 core S&T subject areas selected by DST. This study
covers the years 2011-2016 and is derived from the third report commissioned to
Elsevier by DST. Previous reports covered publication years 2006-2010 and 2009-
2013, respectively.

Methodology is detailed in appendix C-1, and is based on the theoretical principles and
best practices developed in the field of quantitative science and technology studies,
particularly in science and technology indicators research. Our analyses of bibliometric
data are based upon recognised advanced indicators such as the concept of relative
citation impact rates.

Data sources are detailed in appendix C-2, and most analyses are derived from Elsevier's
Scopus, an abstract and citation database of peer-reviewed literature covering 75
million documents published in over 22,000 journals, book series, and conference
proceedings by some 5,000 publishers.
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Comparators used in this study:

SAARC: South Asian Association for Regional Cooperation, which includes
Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, Sri
Lanka (aggregated benchmark and individual countries).

BRICS: Brazil, Russia, India, China, South Africa (aggregated benchmark and
individual countries).

G8: Canada, France, Germany, ltaly, Japan, the United Kingdom, the United
States, and Russia (aggregated benchmark and individual countries).

G20: Argentina, Australia, Brazil, Canada, China, France, Germany, India,
Indonesia, Italy, Japan, Republic of Korea, Mexico, Russia, Saudi Arabia,
South Africa, Turkey, the United Kingdom, the United States, and the
European Union (aggregated benchmark and individual countries).

EU28: Austria, Belgium, Bulgaria, Croatia, Republic of Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary,
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland,
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, and the United
Kingdom (aggregated benchmark and individual countries).

Top20: top 20 countries publishing the most scholarly output: Australia,
Brazil, Canada, China, Germany, France, India, Iran, ltaly, Japan, Korea, the
Netherlands, Poland, Russia, Spain, Switzerland, Turkey, Taiwan, the United
Kingdom, and the United States (individual countries)

WLD: total output in Scopus database regardless of author location

(aggregated benchmark)
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Executive Summary

India’s research performance has
improved from 2011 to 2016

Overall research performance of India2011-2016

Along multiple research indicators, India had small but growing shares of the
world's total, as shown in Figure A.

U Increasing output: India’s share of the world's scholarly output grew
from 4.0% in 2011 to 5.4% in 2016. This placed India in 1% place
among SAARC countries, 2™ place among BRICS countries, and 5%

place among G20 countries. In absolute terms, this 1.4 percentage
point increase corresponds to a high Compound Annual Growth Rate
(CAGR, see Appendix for term definition) of 8.4%, from 90,864
publications in 2011 to 136,238 publications in 2016. World CAGR is
1.9% over that period.

U Growing impact: India’s shares of the world's citations and top cited

publications all increased between 1.0 and 1.4 percentage point from
2011 to 2016, to 4.1% of global citations, 4.3% of top 25% cited
publications, 3.6% of top 10% cited publications, 3.4% of top 5%
cited publications, and 2.8% of top 1% cited publications. Although
these values remain lower than India’s overall publication share of
5.4%, their increase through time demonstrates that India not only
grew in output but also in influence. In terms of citations, India ranked
1% among SAARC countries, 2™ among BRICS countries, and 10%
among G20 countries.

U Improving knowledge transfer: India's share of the world's academic-

corporate collaborated publications grew from 2.3 in 2011% to 2.7%
in 2016. In absolute terms, this corresponds to 3.3% CAGR from
1,506 publications in 2011 to 1,768 publications in 2016.
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Overall, India’s strong growth in output outpaced its research impact
improvement. Increasing collaboration, across countries as well as sectors,

might be key to maximise the influence of India’s research.

output share

academic-corporate

) citation share
collaboration share

top CiteScore 1%
share

top CiteScore 5%
share

top CiteScore 10%

top cited 5% share
share

top CiteScore 25%

top cited 1% share
share

=—2011 =—2016

top cited 25% share

top cited 10% share

Figure A— India’s global shares of main research indicators, 2011 and 2016;
Source: Scopus

Volume and global share of publications

U India’s scientific research publications showed a strongly rising trend over
the past few years; research publications increased by 50% from 2011 to
2016. India's scientific research publications grew by 8.4% annually
compared to 1.9% for the world during 2011-2016, with annual values of
90,684 in2011,99,974in 2012, 106,957 in 2013, 121,516 in 2014,
128,021 in 2015, and 136,238 in 2016.

U In2016, India produced more research publications than several countries
such as ltaly, Canada, Spain, Australia, Korea, Sweden, Singapore, and
other BRICS countries, except China.
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i

India's global share in scientific research publications increased from 4.0%
in 2011 to 5.4% in 2016, with annual values of 4.2% in 2013, 4.4% in
2014, 4.8%in 2015, and 5.1% in 2015 (see Figure B).

In 2016, India's share in global research publications by subject areas was
highest in Pharmacology and Toxicology (13.5%), followed by Computer
Science (8.8%), Earth & Planetary Sciences (7.6%), Veterinary Sciences
(7.3%), Chemical Engineering (7.2%), Chemistry (6.8%), Engineering
(6.4%), Materials Science (6.4%), Physics & Astronomy (6.0%),
Mathematics (5.7%), and Environmental Science 5.6%).

Research Disciplines and National Output

i

India's volume of research publications by discipline was highest in
Engineering (34,024), Computer Science (29,434), Medicine (21,469),
Physics & Astronomy (19,373), Materials Science (17,309), Biochemistry,
Genetics & Molecular Biology (15,926), and Chemistry (15,574) in 2016

(see Figure G).

Publication share of publications by discipline was highest in Engineering
(25.0%), Computer Science (21.6%), Medicine (15.8%), Physics &
Astronomy (14.2%), Materials Science (12.7%), Biochemistry, Genetics &
Molecular Biology (11.7%), and Chemistry (11.4%)in 2016 (see Figure G).

Between 2011 and 2016, high annual growth of research publications
was observed in Energy (19.8%), Computer Science (16.9%), Engineering
(14.8%), Mathematics (10.8%), and Chemical Engineering (9.3%).

Collaborations

International

i

22,186 of India's publications resulted from international collaboration,
comprising 16.4% of India’s total research publication output in 2016.
Annual values for previous years were 14,780 in 2011 (16.4%), 16,147
in2012(16.2%),17,597in2013(16.5%), 19,414 in2014 (16.0%), and
20,322in 2015 (15.9%).
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i

In parallel to its overall rise in scholarly output, India saw increases in its
global share of publications of each collaboration type (see Figure E).
These increases were comparatively low for internationally collaborated
publications (its most impactful collaboration type, increasing by 0.4
percentage point to reach 4.2% in 2016).

In 2016, India’s research publications with international collaboration was
highest in Earth & Planetary Sciences (27.4%), followed by Physics &
Astronomy (22.5%), Immunology & Microbiology (21.5%), Chemistry
(21.5%), Chemical Engineering (21.1%), and Materials Science (20.3%).

India's top 3 prolific international collaboration partner countries in

research publications were the USA, the UK, and Germany.

India’s share of international collaboration in world output increased from
3.8% in 2011 to 4.2% in 2016. Annual values for interim years were
3.9%in 2012 and 2013, and 4.0% in 2014 and 2015.

National

i

In 2016, national collaboration accounted for 31.9% of India's total

scientific research publications.

Institutional

i

In line with its overall rise in scholarly output, India saw increases in its
global share of publications of each collaboration type (see Figure E).
These increases were particularly high for institutionally collaborated
publications (its most frequent collaboration type, rising by 2.6 percentage
point to reach 7.6% in 2016).

Academic-corporate

i

In 2016, academic-corporate collaboration accounted for 2.7% of India’s
total scientific research publications.

India's global share of academic-corporate collaborated publications grew
by 0.4 percentage point since 2011, reaching 2.7% in 2016. However, it
remained lower than its overall share of world scholarly publications (see
Figure F). India’s share of patent citations was also on the increase, by 0.6

percentage point to 2.8% in 2015. Two patent citations were received by
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India in 20186, raising its patent citation share for that year to 6.5%.
However, this value is not reliable as it is derived from too low a number of
occurrences to be meaningful. India’s patent citation share was the highest
in Chemistry in 2011 (see Figure G).

Globally, academic-corporate collaboration was concentrated in subject
areas such as Energy, Engineering, Earth & Planetary Sciences, Computer
Science, and Materials Science. In the case of India, it was concentrated in
subject areas such as Earth & Planetary Sciences, Computer Science, and
Energy. India’s academic corporate collaboration share was the highest in
Computer Science in 2016 (see Figure G).

Citation Impact

i

In 2016, India registered a Field-Weighted Citation Impact (FWCI) of 0.786,
which means 24% below the global overall average. Subject area-wise,
India's FWCI was highest in Chemistry (0.99), followed by Chemical
Engineering (0.98), Materials Science (0.97), Energy (0.96), and Physics &
Astronomy (0.93).

In 2016, India’s share of scholarly citations was 22% in Engineering and
Chemistry (see Figure G). India’s citation per paper (CPP) was highest in
Chemistry (3.8), followed by Chemical Engineering (3.7), and Materials
Science (3.0).

In 2016, India’s global citation share was 4.1%, increasing from 3.0% in
2011. Annual values for interim years were 3.2% in 2012, 3.4% in 2013,
3.7% in 2014, and 3.9% in 2015. However, India's citation share
remained lower and grew at a slower pace than its share of publications
(see Figure B). This suggests that although India is rapidly expanding its
research publications, it may not be benefiting from similar gains in

research impact.

In 2016, India held 2.8% of the global number of top 1% cited
publications, 3.4% of top 5% cited publications, 3.6% of top 10% cited
publications, and 4.3% of top 25% cited publications. Although these

increased at all measured percentile levels in recent years, they remained
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lower than India’s overall publication share of 5.4% (see Figure C). Of
particular note, India’s share of top 1% cited publications peaked at 3.0%
in 2014, and showed minor declines since, indicating that India may be
participating less in the most excellent research in recent years. In the top
1%, 5%, 10%, and 25% cited publications, Engineering accounts for
more than 30% of India's subject breakdown (see Figure G). These highly
cited publications tend to be relatively more concentrated in the following
fields: Engineering, Physics & Astronomy, Computer Science, and
Materials Science, indicating areas of specialisation of India's research

excellence.

u Similarly, while India’s shares of global publications in top cited journals
were also on the rise overall, they too remained lower that its global share
of all publications (see Figure D). While the rising trend was straightforward
at the lower percentile levels, there was some fluctuation regarding
publications in the top cited journals. For publications in top cited journals,
Engineering had the highest share in the top 1%, Engineering and Material
Science in the top 5%, and Chemistry in the top 10% and top 25% (see
Figure G).

National Research Institutions

U In 2016, the top 5 Indian research institutions in terms of volume of
publication were the Vellore Institute of Technology; the Indian Institute of
Science Bangalore; the University of Delhi; the Indian Institute of

Technology, Bombay; and the Indian Institute of Technology, Kharagpur.

U In2016, the top 100 research institutions by publications included DST's
research institutions such as the Indian Association for Cultivation of
Science, the Jawaharlal Nehru Centre for Advanced Scientific Research,

and the Bose Institute.

Coverage of Indian journals in Scopus
U  The number of Indian journals in Scopus was 426 in 2016. Annual values for
previous years were 432 in 2011, 431in 2012, 433in 2013, 430in 2014, and
418in 2015.
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Figure B — India’s global share of scholarly publications and citations, 2011-2016; source: Scopus
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Key Facts at a Glance

INDIA'S SCHOLARLY OUTPUT IN 2016

136,238 publications

5.4% of the world's scholarly output

INDIA'S SCHOLARLY OUTPUT RANK IN 2016
15t among SAARC countries

2" among BRICS countries
5™ among G20 countries

INDIA'S SCHOLARLY OUTPUT GROWTH FROM 2011 TO 2016

8.4% CAGR

Compound Annual Growth Rate, compared to 1.9% for the world

INDIA'S SCHOLARLY CITATIONS IN 2016

262,677/ citations

4 1% of the world's scholarly citations

INDIA'S SCHOLARLY CITATIONS RANK IN 2016
15" among SAARC countries

2" among BRICS countries
10" among G20 countries

INDIA'S RESEARCH FOCUS IN 2016

0 Engineering, Medicine, and Computer Science

INDIA'S INTERNATIONAL COLLABORATION IN 2016

@ 22,186 publications

16.4% of India’s scholarly output

INDIA'S MOST PROLIFIC INTERNATIONAL COLLABORATION PARTNERS IN 2016

e USA, UK, Germany, Korea, and Saudi Arabia

INDIA'S ACADEMIC-CORPORATE COLLABORATED OUTPUT IN 2016

1,768 publications

1.3% of India’s scholarly output
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Between 2011 and 2016, India's scholarly output increased at a high 8.4% annual
growth rate, reaching 5.4% of the global output in 2016 and ranking 5" among G20
countries. India’s output attracted 4.1% of the world's citations in 2016, ranking 10%
among G20 countries. India's research was cited 24% less than the world average.
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1.1 Key Findings

INDIA'S SCHOLARLY OUTPUT

136,238

5.4% of the world's scholarly output in 2016

INDIA'S SCHOLARLY OUTPUT GROWTH

8.4%

2011-2016 Compound Annual Growth Rate
(CAGR), compared to 1.9% for the world

INDIA'S CITATION SHARE

4.1%

of world citationsin 2016

INDIA'S CITATION IMPACT

0.76

24% less than the world average in 2016

INDIA'S EXCELLENT OUTPUT TOP 25%

27,892

4 .3% of the world's top 25% cited publications
in2016

INDIA'S EXCELLENT OUTPUT TOP 10%

9,027

3.6% of the world's top 10% cited publications
in2016

INDIA'S EXCELLENT OUTPUT TOP 5%

3,947

3.4% of the world's top 5% cited publications in
2016

INDIA'S EXCELLENT OUTPUT

606

2.8% of the world's top 1% cited publications in
2016
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1.2 Output

Comparator group India’s ranking in 2011 publications India’s ranking in 2016 publications
SAARC 1 1
BRICS 2 2
G20 7 5
Top 20 7 5

Figure 1.1 — India's publication ranking in different benchmark groups; Source: Scopus

In terms of scholarly publications, in 2016 India ranked 1%t among SAARC countries, 2" among
BRICS countries, and 5th among G20 and Top 20 countries as mentioned in Figure 1.1. India
accounted for nearly 4.0% of the world's total scholarly output in 2011 and 5.4% in 2016,
and nearly the totality of SAARC's in 2011 and 2016 respectively (see Figure 1.2).

India published 136,238 scholarly publications in 2016. This accounted for 5.4% of the global
scholarly output. India also published most of the SAARC region's output - without India,
SAARC countries made up only 0.8% of the world's scholarly publications. Since 2015, India
has been publishing more than 5% of the global scholarly output, thanks to its fast growth over
the 2011- 2016 period. In the same period, BRICS countries caught up with the EU28 in terms
of scholarly publications. Scholarly output grew globally in recent years at a rate of 8.4%
CAGR (see Appendix for terms and acronyms definitions).

Figure 1.2 shows publication output in 2011 and 2016 for India and benchmarks SAARC,
BRICS, EU28, G8, G20, WLD, revealing India’s strong growth rate in publications.
Comparatively, SAARC countries had a growth rate of 1.7%, while BRICS countries had a high
annual growth rate of 5.1% compared to 0.1% for the EU and 1.3% for G8. To some extent,
BRICS's and especially SAARC's fast growth can be attributed to India, which grew its scholarly
output by an average 8.4% annually over that period.
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1.3 Citations

Comparator group India’s ranking in 2011 citations | India’s ranking in 2016 citations
SAARC 1 1

BRICS 2 2

G20 11 10

Top 20 14 11

Figure 1.3— India's citation ranking in different benchmark groups; Source: Scopus

India received 880,733 scholarly citations in 2011 and 262,677 in 2016. This accounted for
3.0% and 4.1% of the world's total citations in 2011 and 2016, respectively, growing by 1.1
percentage point over the period. India also accounted for nearly all of citations to the SAARC
region’s scholarly output - without India, these would have accounted for only 0.4% of the
world's scholarly citations.

Ranking 1%t among SAARC countries, India received more scholarly citations than any other
SAARC country, any other BRICS country except China, eight of the G20 countries, and ten of
the top 20 countries (Figure 1.4). India ranked 11th among the Top 20 comparators. Since
2011, India grew its scholarly citation share by 1.1 percentage point to reach 4.1% of the
global total in 2016.
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Figure 1.4 — Scholarly citation for India and benchmarks in 2011 and 2016; Source: Scopus
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1.4 Field-Weighted Citation
Impact

Field-Weighted Citation Impact (FWCI) is a sophisticated indicator that accounts for differences
in publication age, publication type, and subject area; it is therefore well-suited to
comparatively analyse the scholarly impact of different entities.

Figure 1.5 shows that India's FWCl was 0.76 in 2016, meaning that its research was cited
24% less than the global average when citations are normalized by number of scholarly
publications, their age, their type, and their field.

The FWCI trend for India showed minor fluctuations, starting at 0.74 in 2011 to peak in 2013
at 0.79 and declining to 0.76 in 2016. BRICS's strong FWCI growth led it to overtake India and
SAARC in 2014. SAARC countries' FWCl was 0.02 index point higher than India’s, because
SAARC's scholarly output was composed for the most part of Indian publications, which
thereby strongly influenced the SAARC aggregate value.
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1.5 Excellence

Looking at share of the world's top-cited output (Figures 1.6, 1.7, 1.8, 1.9) and share of
publications in top cited journals (Figures 1.10, 1.11, 1.12, 1.13) give an idea of how each
comparator fares in terms of the excellence of its research at various levels (top 25%, 10%,
5%, and 1% of most cited publications and publications in top cited journals globally).

Across all percentile values, the shares of G8 were mostly stable and the shares of BRICS,
SAARC, India, and most other benchmarks increased. India’s share of top cited 1% of
publications increased sharply 2011- 2014, then plateaued during 2014- 2016. For 5%,
10%, and 25%, India’s share increased from 2011 to 2016. India’s share of publications in top
cited journals overall increased over the period with minor fluctuation for the highest
percentiles.

Per Figure 1.6, India nearly doubled its number of top 1% cited publications between 2011

and 2016, from 372 to 606 publications, increasing in share by one percentage point from
1.8% to 2.8% of the world's top 1% cited publications.
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Per Figure 1.7, India increased its number of top 5% cited publications between 2011 and
2016, from 2,472 to 3,947 publications, increasing in share by 1.1 percentage point from
2.3% to 3.4% of the world's top 5% cited publications.
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Per Figure 1.8, India increased its number of top 10% cited publications between 2011 and
20186, from 5,642 to 9,027 publications, increasing in share by 1.1 percentage point from
2.5% to 3.6% of the world's top 10% cited publications.
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Figure 1.8— Share of world top 10% cited scholarly output for India and benchmarks, 2011 and
2016; Source: Scopus
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Per Figure 1.9, India increased its number of top 25% cited publications between 2011 and
2016, from 17,141 to 27,982 publications, increasing in share by 1.4 percentage point from
2.9% to 4.3% of the world's top 25% cited publications.
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Per Figure 1.10, India's publication share in top 1% cited journals increased from 2011 to
2016 by 0.4% from 1,233 publications in 2011 to 1,666 in 2016. Publication share in top
1% cited journals increased for SAARC, BRICS and G20 benchmarks while for G8 and EU28 it
slightly decreased from 2011 to 20186.
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Per Figure 1.11, India's publications share in top 5% cited journals increased from 2011 to
2016 by 0.5% from 5,538 publications in 2011 to 8,646 in 2016. Publication share in top
5% cited journals increased for SAARC, BRICS and G20 benchmarks while for G8 it has
slightly decreased and for EU28 remained stable from 2011 to 2016.
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Figure 1.11— Share of global publications in top 5% cited journals for India and benchmarks, 2011-2016;
Source: Scopus



1. INTERNATIONAL COMPARATIVE RESEARCH PERFORMANCE

33

Per Figure 1.12, India's publications share in top 10% cited journals increased from 2011 to
2016 by 0.7% from 10,936 publications in 2011 to 17,748 in 2016. Publication share in top
10% cited journals increased for SAARC, BRICS, and G20 benchmarks while for G8 and EU28
it slightly decreased from 2011 to 2016.
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Figure 1.12 — Share of global publications in top 10% cited journals for India and benchmarks, 2011-
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Per Figure 1.13, India's publications share in top 25% cited journals increased from 2011 to
2016 by 0.6% from 23,533 publications in 2011 to 35,333 in 2016. Publication share in top
25% cited journals increased for SAARC, BRICS, and G20 benchmarks while for G8 and EU28
it slightly decreased from 2011 to 2016.
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2016; Source: Scopus
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' Factors of success
of India’s research

In 2016, there were 426 Indian journals in Scopus. The most prolific research institution was Vellore
Institute of Technology, with 2,737 publications, followed by the Indian Institute of Science Bangalore
and the University of Delhi. 16.4% of India's scholarly output resulted from international collaboration.
Publications with Brazil, Russia, Netherlands were highly cited. 1.3% of India’s publications resulted from

academic-corporate collaboration and India held 2.8% of patent citations to 2015 publications.
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2.1 Key Findings

INDIAN JOURNALS IN SCOPUS IN 2016 PUBLICATIONS IN 2016
representing 1.8% of all journals in Scopus by Vellore Institute of Technology
INDIA'S INTERNATIONAL COLLABORATION INDIA'S NATIONAL COLLABORATION
of India's output in 2016 of India's output in 2016

MOST IMPACTFUL INTERNATIONAL COLLABORATORS IN 2016

Brazil, Russia, the Netherlands,
Spain, Taiwan, South Africa,
Switzerland, and Sweden

INDIA'S ACADEMIC-CORPORATE COLLABORATION INDIA'S GLOBAL PATENT CITATION SHARE

1.3% 2.8%

of India’s output in 2016 of globalpatent citations in 2015



2.FACTORS OF SUCCESS OF INDIA'S RESEARCH

38




2.FACTORS OF SUCCESS OF INDIA'S RESEARCH

39

2.2 Indian journals in Scopus

Figure 2.1 shows that the number and share of Indian journals in Scopus was stable from 2011
to 2016, with minor fluctuation from 432 titles in 2011 to 426 titles in 2016, corresponding to
1.8-1.9% of all journals in Scopus.

Figure 2.2 shows that the number of Indian journals was highest in Medicine (reflecting the global
distribution of journals in Scopus). The highest share of Indian journals in Scopus was in

Pharmacology, Toxicology, and Pharmaceutics, reflecting India’s specialisation.

Research publications from researchers at Indian affiliations may occur in Indian or other

journals.
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Figure 2.1 — Number and share of Indian Journals in Scopus, 2011-2016; Source: Scopus
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