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Abstract

In the present paper, an analysis of Indian S&T
has been presented using its publication output
in international peer reviewed journals covered
in Web of Science database. It analyses India’s
publication activity in terms of global share,
share of international collaborative publications,
and visibility & citation impact for the period
1991-2006. It explores how far the trends in
India S&T output mirror those of the other up-
coming countries and what the main differences
among those countries are. It discusses the find-
ings in the light of the above-mentioned ongoing
discussion on decline or emergence of Indian
science.

1 Introduction

The global landscape of science and technology
is undergoing radical changes. The old world
picture of the 20th century has already been
upended. Technological and scientific develop-
ment is closely following the economic changes.
Emerging and re-emerging economies have very
soon been brought into the focus of both the
public and the experts’ interest. In 2003, Jim

O'Neill coined the term BRIC (as abbreviation
for Brazil, Russia, India, China) and only two
years later, in 2005, he extended this idea by
introducing the conception of the Next-11 (N11)
comprising a larger list of eleven upcoming
economies. This alone indicates the tremendous
speed with which the development takes place.
Reports on economic research have soon been
followed by science policy and technology re-
lated studies which attempted to capture also the
growth of science and technology mirroring the
economic dynamics of these countries. All evi-
dence points to the fact that the centre of gravity
of scientific and technological advancement is
moving to regions outside Europe and North-
America.

Beyond any doubt, China has achieved the
most spectacular progress in economy, science
and technology among these emerging coun-
tries. Already two years ago, China has an-
nounced to have overtaken France as the world's
fifth largest economy. Now China is challenging
Germany as World's export leader. This trend is
paralleled by its growth of science. Since 2006
China ranks second in terms of the world’s pub-
lication output in the sciences as reflected by the
Web of Science database and China strives to
become the world's leading science power by
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2050. This most spectacular development can-
not, however, disguise that, overshadowed by
China’s rise, other countries emerged as well;
and these nations are gaining or re-attaining the
position as main global players in economy,
research and technology. Recently O’Neill
(2005) forecasted that India might become the
world’s third largest economic power.

In an earlier study by Glénzel et al. (2008)
light was shed upon the dynamics of five emerg-
ing countries (China, Korea, Taiwan, Brazil and
Turkey) in the mirror of bibliometric indicators.
This paper and the study of research perform-
ance of the ‘BRIC’ countries by Zitt et al.,
(2006) pointed at quite different situations
among the emerging countries. Besides the
somewhat ambiguous and debated situation of
Russia and Brazil, also India's evolution is a
matter in dispute (e.g., Arunachalam 2002;
Gupta and Dhawan 2006, 2008; Kedamani et al.
2007; Basu 2007).

In the present paper, the evolution of publica-
tion activity, visibility and citation impact of
India is studied for the period 1991-2006. In this
study India’s bibliometric profile is analysed in
the context of global trends as well as in com-
parison with five other emerging economies of
comparable weight, particularly, with Korea,
Russia, Brazil, Taiwan and Turkey. We will
attempt to answer the question of in how far the
trends in India mirror those of the other upcom-
ing countries and what the main differences
among those countries are.

2 Data sources and processing

All bibliometric data are based on bibliographic
data extracted from the Web of Science (WoS)
of Thomson Scientific (Philadelphia, PA, USA).
The period for publication activity and scientific
collaboration comprises the years 1991-2006. In
order to obtain stable and reliable results, the
underlying publication period is split up into
several sub-periods of 2-3 years each. For the
citation analysis, we used a three-year window
each for papers published in 1992-2004. Only
document types indexed in the Science Citation
Index Expanded (SCIE) named as Articles, Let-
ters, Notes and Reviews were taken into ac-
count.

Publications are assigned to countries on the
basis of their corporate addresses as indicated in
the by-line of the publication. An integer count-
ing scheme is applied, i.e., all countries appear-
ing in the address field are considered and mul-
tiple occurrence of a country within the same
publication is de-duplicated. This approach
results in counting publications with (at least)
one author with an affiliation in the correspond-
ing country. This counting scheme is best suited
for analysing both the countries’ weight and
their international co-publication links, but as a
consequence of its application, publications
cannot be summed up over countries to the
world total (cf. REIST-2 1997).

As for subject classification, the hierarchical
classification scheme developed by Glianzel and
Schubert (2003) on the basis of ISI’s journal
assignment to Subject Categories is applied:
Agriculture & Environment (AGRI), Biology
(BIOL), Biosciences (BIOS), Biomedical re-
search, Clinical & Experimental Medicine I
(CLI1), Clinical & Experimental Medicine II
(CLI2), Neuroscience & Behaviour (NEUR),
Chemistry (CHEM), Physics (PHYS), Geo-
sciences & Space Sciences (GEOS), Engineer-
ing (ENGN) and Mathematics (MATH). The
level in between these major fields and the ISI
Subject Categories comprises further 60 sub-
fields. A science field has five subfields on av-
erage and a subfield aggregates about three ISI
Subject Categories each.

For the citation analysis, a three-year citation
window beginning with the publication year is
applied for selected sub-periods of the above-
mentioned publication period. Citations received
by these publications have been determined on
the basis of an item-by-item procedure, using
special identification keys, made up of biblio-
graphic data elements.

3 Methods and results

3.1 National research performance

Publication growth

In this section we focus on the trends and dy-
namics in the publication activity, the national
publication profile, the evolution of citation
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impact and the patterns and network interna-
tional scientific collaboration of India. The set of
advanced and standard indicators developed at
ISSRU (Budapest) and SOOI/KU Leuven is
used for the analysis. These measures comprise
besides basic indicators and measures of activity
and co-operativity, observed, field- and journal
expected citation rates and relative citation rates,
measures of high-impact activity and attractivity
as well.
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Figure 1 Evolution of India’s publication output
in terms of global share in the sciences in 1991-
2006

The evolution of India’s publication is long a
matter in dispute output as has already men-
tioned in the outset. Indeed, the evolution of
Indian publication activity with respect to the
world total publication output does not provide
an unambiguous picture. In particular, a period
of decline (1991-1997) is followed by a short
phase of stagnation around 1999 which, in turn,
is followed by a period of strong growth (see
Figure 1). It is not clear, in how far changes in
the underlying database have contributed to
these trends, but the pit in 1997-2000 cannot be
explained with structural changes in the database
alone. India’s growth is not unambiguous; all
one can conclude from the bibliographic data is
that the increase of India’s share in the world
total of 19.4% during the last 15 years does sim-
ply not keep pace with the growth of others
whose relative growth rate of their share
amounts to even several 100% in the same pe-
riod (cf. Figure 1).

The assessment of the evolution on the basis
of ranks is certainly a difficult, even precarious
endeavour. Nonetheless, we will have a look at
the national ranking according to publication
output in different years in the period 1991-2006

in order to gain insight in the changes of the
global landscape of science and technology.

Table 1 Changing ranks of the world’s leading
contributors in publication output according to

the SCIE
USA 1 1 1 1
China PR 15 13 7 2
UK 2 2 3 3
Germany 4 4 4 4
Japan 3 3 2 5
France 6 5 5 6
Canada 7 6 8 7
Italy 8 7 6 8
Spain 12 10 10 9
Australia 10 9 1 10
India 9 12 13 1
South Korea 33 20 15 12
Netherlands 11 11 12 13
Russia 36 8 9 14
Brazil 22 22 17 15
Switzerland 14 15 16 16
Taiwan 25 19 18 17
Sweden 13 14 14 18
Turkey 38 31 25 19
Poland 18 18 19 20

Table 1 presents the 20 countries contribu-
tion most to the world total publication output.
The observed sharp rise of the share of national
publication output in the world total of countries
like of China, South Korea, Brazil, Taiwan and
Turkey is certainly unambiguous, and has al-
ready been largely discussed in the relevant
literature (e.g., Zhou and Leydesdorff 2006; Zitt
et al. (2006); Glanzel et al. 2008; Glanzel 2008).
The same unambiguousness applies to Russia,
however, indicating a negative development.
Relatively slight changes as found for India can
be due to several external factors, too, as, for
instance, changes of database coverage as
pointed at above. The discussion of the evolu-
tion of India's position was mainly a matter of
national concern (e.g., Arunachalam 2002;
Gupta and Dhawan 2006, 2008; Kedamani et al.
2007; Basu 2007). Nonetheless, India holds a
firm position around rank ten according to the
world’s most important producers of scientific
literature (cf. Table 1).

Publication profile

National publication profiles can preferably be
measured and visualised using the Relative Spe-
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cialisation Index (RSI). This measure indicates
whether a country has a relatively higher or
lower share in world publications in a particular
science field than its overall share in the world
total (see REIST-2 1997), and is closely related
to the Activity Index (Al) introduced by Frame
(1977). Its definition and interpretation can be
found in Glinzel (2001), therefore, a detailed
description of these indicators is omitted here.
RSI takes values in the interval [-1, +1]; RSI <0
(RSI > 0) indicates a lower-than-average
(higher-than-average) activity. RSI = 0 reflects a
completely balanced situation. RSI is an indica-
tor measuring the internal balance, therefore RSI
> 0 for some fields implies RSI < 0 for others
and RSI = 0 for all fields corresponds to the
‘world standard’. National ‘publication profiles’
are determined on the basis of the twelve major
science fields introduced in the Data sources and
data processing section. Since subject classifica-
tion on the basis of journal assignment does
practically not result in disjoint subject areas, the
classification scheme does not form a partition
of the total. The twelve-component profile is
therefore preferably visualised in ‘clockwork
diagrams’, where each ‘hour’ represents one
field. The graphical presentation of the ‘world
standard’, i.e., RSI = 0 for all fields, is a regular
dodecagon. Deviations from this standard result
in to some extent characteristic deformations of
the regular octagon. In earlier studies (e.g.,
REIST-2 1997), four basic paradigmatic patterns
in publication profiles could be distinguished,
particularly,

I. the ‘western model’ with clinical medi-
cine and biomedical research as domi-
nating fields,

II. the characteristic pattern of the former
socialist countries with prevailing activ-
ity in chemistry and physics,

III. the ‘bio-environmental model’ with bi-
ology and earth and space sciences in
the main focus,

IV. the ‘Japanese model’ with engineering
and chemistry being predominant.

India’s profile does not uniquely fit in any of
the above categories (see Figure 2). It can rather
be considered a mixture of Types II and III. The
evolution is characterised by two general trends,

particularly, by growing relative activity in the
life sciences (except biology) and decreasing
weight of agriculture & environment, geo- and
earth sciences, mathematics and engineering.
Thus the subject profile steadily evolves to-
wards a more balanced situation but the pro-
nounced predominance of natural sciences to the
disadvantage of the life sciences still persists.
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Figure 2 The change of India’s publication pro-
file over time

Citation impact

In this section we will have a look at the evolu-
tion of citation impact of Indian research in the
life sciences, natural sciences and applied sci-
ences. The following set of standard indicators
is used for this analysis.

1. The Mean Observed Citation Rate
(MOCR) is defined as the ratio of cita-
tion count to publication count.

2. Mean Expected Citation Rate (MECR).
The expected citation rate of a single
paper is defined as the average citation
rate of all papers published in the same
journal. MECR is defined as the aver-
age of these individual expectations
over a given paper set.

3. Relative Citation Rate (RCR). RCR is
defined as the ratio of the observed and
journal-based expected citation impact.
This indicator measures whether the
publications of the unit under study at-
tract more or less citations than ex-
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pected on the basis of the journal impact
measures of the journals in which they
appeared.

4. Normalised Mean Citation Rate
(NMCR). The field-expected citation
rate of a single paper is defined as the
average citation rate of all papers pub-
lished in the same subfield. Since sub-
ject assignment is often not unique a
fractional counting scheme is applied.
NMCR is defined as the ratio of the ob-
served and field-based expected citation
impact. This indicator gauges citation
rates of the papers against the standards
set by the specific subfields. This indi-
cator is based on the 60 subfields ac-
cording to the above-mentioned
SOOI/ISSRU classification scheme.

A detailed description of definition, applica-
tion and interpretation of these indicators can be
found in earlier papers (e.g., Glidnzel et al 2003).
We just mention here that MOCR = 0 implies
RCR = 0 and NMCR = 0, and corresponds to
uncitedness; RCR (NMCR) < 1 represents a
lower-than-the-average, RCR (NMCR) > 1 a
higher-than-the-average situation according to
the corresponding reference standards. Finally
RCR (NMCR) = 1 means that the papers re-
ceived the number of citations expected on the
basis of the average citation rate of the publish-
ing journals (subfields). A large deviation of
RCR from NMCR means that the journals in
which authors of the country under study are on
average publishing, do usually not conform to
the corresponding subject standards. This devia-
tion may be positive or negative.

Although the pit found in relative publication
activity in the second half of the 1990s is paral-
leled by a similar in citation impact (see Figure
3), normalised and relative citation impact gen-
erally increased during about the last decade
after the ‘pit’ around 1994. However, it did, on
an average, not reach the world standard. This
latter characteristic is shared with the citation
patterns of other emerging countries. Although
both relative indicators (RCR and NMCR) show
the same trends, RCR always considerably ex-
ceeds the corresponding NMCR values. This
means, that Indian scientists publish, on an aver-

age, in journals with lower impact that the cor-
responding field standard. In a recent study, we
have found similar patterns for other emerging
economies, particularly for China, Brazil, Tai-
wan, Korea and Turkey (Glénzel et al. 2008).
Both subject- and journal-normalised impact of
these countries increased while the RCR always
exceeded the corresponding NMCR value.
However, Taiwan and Korea are in a more ad-
vantageous situation than the other countries
since both relative citation rates are here rela-
tively close to each other (see Glidnzel et al.
2008).
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Figure 3 Evolution of citation impact of Indian
publications
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Figure 4 Change of India’s Relative Citation
Rate over time

The breakdown of citation indicators by ma-
jor fields substantiates that the increase of the
relative citation rate has effect on all areas of the
sciences. The effect is especially strong in the
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natural sciences where it already reached the
world standard in 2002-2004 where observed
citation impact has become in line with the jour-
nal-based expectation (see Figure 4).

International scientific collaboration

The duality of the co-authorship/co-operation
relationship has long been discussed in the bibli-
ometric literature (e.g., Katz and Martin 1997,
Laudel 2002). At the level of individual author-
ship (Laudel) or at the institutional level (Katz
and Martin), co-authorship does not depict re-
search collaboration entirely, or might be dis-
torted by scientists’ multiple affiliations. None-
theless, co-authorship proved a good proxy for
‘higher-level’ research collaboration between
institutions, regions, and countries. Above all,
international collaboration is usually well ac-
knowledged in the published literature, and
therefore a good indicator of co-operation at this
level as well (Gldnzel and Schubert 2004).

Several aspects of international collaboration
are of special interest; besides the extent and
share of international co-publications, the geopo-
litical profile of co-publications and the impact
of collaborative research are preferred topics of
bibliometric analysis. The dramatic intensifica-
tion of international co-operation at all levels
and the structural changes in the collaboration
network has repeatedly been reported by several
studies. An overview of this literature can be
found, among others, in a recent study by
Glénzel and Schubert (2004).

A first look at the publication data reveals a
relatively low level of India’s international co-
operativity. In contrast to the general trend of
intensifying collaboration, India’s share of inter-
national co-publications in all papers has
changed little. It ranged between 12% and 20%
over the last 16 years and, again, there was a pit
in the middle of the 1990s.

According to the regularity concerning the
relation between foreign co-authorship ratio and
the countries size found by Schubert and Braun
(1990), one would expect a similar share of ‘in-
ternational papers’ for India as found for coun-
tries of like size. Table 2 presents the corre-
sponding percentages for all countries with
15,000-37,000 papers in 2006. India has the
lowest co-operativity among these countries.
The breakdown by partner countries, however,

reveals slight structural changes in collaboration
pattern.

Table 2 Share of internationally co-authored
papers in all papers of selected countries

in 2006
Australia 28778 42.0%
India 28543 20.2%
South Korea 28187 26.2%
Netherlands 24593 49.4%
Russia 21734 39.8%
Brazil 19135 30.0%
Switzerland 17973 60.0%
Taiwan 17842 18.7%
Sweden 17146 51.5%
Turkey 15392 16.1%

Table 3 Share in all Indian ‘international papers’
and strength of co-publications with India’s
most important partners (S=strong; M=medium)

EU15 42.1% M 40.6% S
USA 37.9% 34.5% S
Germany 13.4% 14.9% M
UK 12.8% 11.5% M
Japan 6.8% 11.4% M
France 7.1% 7.8% M
South Korea 0.9% 6.2% M
China PR 1.7% 5.4%
Canada 8.9% 5.0%
Italy 6.0% 4.4%
Australia 2.8% 4.2%
Taiwan 0.6% 3.6%
Switzerland 2.7% 3.5%
Russia 2.1% 3.2%
Netherlands 2.9% 3.0%
Spain 2.0% 2.8%
Brazil 1.4% 2.4%
Poland 0.7% 2.2%
Sweden 2.1% 2.0%

Table 3 shows the weight of India’s ten most
important partners in all papers with foreign
partners in the two periods 1992-1994 and 2004-
2006. The most impressing change concerns
collaboration with the US and the EU . Co-
operation with the US and the EU weakened but
not all members of the EU are concerned. Col-
laboration with the Germany, France and Spain
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slightly increased. Another remarkable trend
concerns Japan, Taiwan, Brazil, China and Ko-
rea; the increase of collaboration with the latter
four countries substantiates the growing impor-
tance of the emerging economies as partners for
India. In spite of these changes, scientific col-
laboration with the EU and the US prevails.

The strength of bilateral links in the network
of Indian international co-publications can read-
ily be measured by Salton’s cosine measure r
(cf. Glidnzel and Schubert, 2004). Two different
thresholds (r=0.01 and r=0.02) are used to
characterise different intensities of co-operation.
The interval 0.01 <r <0.02 corresponds to me-
dium strong links (M), whereas 0.02 <r corre-
sponds to strong (S) links. The strength of links
with the most important partners has in general
increased. The strength of bilateral co-authorship
links is given as supplementary indicator in Ta-
ble 3.
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Figure 5 Evolution of citation impact of Indian
international co-publications (percentage of

‘international papers’ is indicated on the bars)

Finally, we have a look at the impact of col-
laborative research. The comparison of the cita-
tion impact attracted by international co-
publications with the ‘national standard’ con-
firms the expectations according to which inter-
national collaboration increases visibility and
observed impact. Figure 5 presents the two rela-
tive citation rates for international co-
publications. The results can directly be com-
pared with those presented in Figure 3. On aver-
age, India clearly benefits from foreign co-
authorship. The relative citation impact has
slightly increased and exceeds the “standard
value” of 1.0 during in the period 1992-2004.
Except for the most recent available publication

year, the impact of the journals where the inter-
national co-publications appeared still remains
somewhat below the corresponding field-
expectations.

4 Conclusions

After a down-leap in the middle of the 1990s
India’s science recovered and turned into steady
growth in the new millennium. The growth
does, however, not reach that of the other
emerging economies like China, Korea, Taiwan
or Brazil.

The relative growth with respect to the world
total, which extends to all major fields of sci-
ences, is accompanied by an increase of visibil-
ity and citation impact; however, the gap be-
tween journal and subfield standard still re-
mains. Co-authorship with the EU and the US
has lost weight in favour of collaboration with
the Far East.
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