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Abstract An analysis of the number of research papers from India and China in the fields
of sciences and engineering between the years 1975 and 2012 is presented. The results
show that while Indian research output has increased steadily, the Chinese research output
has been increasing at a rate far outpacing that of India. The research output of China has
been increasing with distinct inflection points that show an acceleration in output growth.
The research output for India shows periodic inflection points that show either an accel-
eration or deceleration in output growth. The possible reasons for the inflection points are
discussed. Simple statistical analyses are used to analyze the trends in output. Although
multiple factors affect a nation’s research output, this paper highlights that the government
programs targeted to increase the research output from universities may create inflection
points resulting in a rapid increase in the research output. The article also highlights that
India has fallen far behind China in terms of scientific and engineering research output,
providing important clues for the future growth of the two countries.
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Introduction

Scientific and technological innovation is necessary to sustain growth in any modern
economy (David et al. 2008). Due to the importance of innovation, many developing
countries are striving to catch up with the developed countries in terms of science and
technology research. Prominent amongst them are India and China, where both aspire to
become the superpowers of the next century. The science and technology research output
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from these countries will determine the sustainability of their growth and whether they can
achieve their stated goals. It is important to assess where they stand today and the tra-
jectory they have been following for this critical metric. Such an analysis will also provide
an idea to the policymakers regarding the specific actions needed to spur technological
innovation.

A comparison between the economies of India and China has been a subject of intense
investigation in the past; both with scholars (Bosworth and Colluns 2007; Huang and
Khanna 2003; Madhan et al. 2010; Srinivasan 2006) and in popular media (“Chasing the
dragon: How the Asian superpowers compare on various measures of development” 2011;
Wright 2012). The Indian economy started to integrate with the global economy about
13 years after that of China and her current GDP in absolute terms is at $1.9 trillion versus
that of China at $8.2 trillion in 2012 (IMF Statistics 2012). The Indian GDP growth has
been typically below 8 %, while that of China exceeds about 10 % over the last decade.
Although there is a vast difference in the current economic output between the two nations,
their science and technology innovation would tell us if this continues in the future. In
other words, if the economic growth is not accompanied by growth in scientific innovation,
the types of industries that will grow can be copied elsewhere and the real wage growth
will slow, eventually slowing the entire economy. Historically all the successful economies
have had a strong backbone of university and industrial research, constantly producing new
ideas that spur new industries and/or perfect the existing ones. Such high growth was seen
in UK in the eighteenth and nineteenth centuries, in the US in the second half of twentieth
century, and in Germany in the first half of the twentieth century.

Several scientometric studies have been conducted to compare China with India. King
(2004) carried out a study of research output as measured by highly cited papers from
different countries, including India and China. The output from the two countries was
comparable in the period of 1993-1997. However, the Chinese output started to surpass
that of India from 1997 to 2001. This work also established a correlation between wealth
intensity of a nation and her scientific output as shown by the citation intensity. Other
studies have compared specific research areas, viz., lasers (Garg 2002), computer science
(Kumar and Garg 2005), diabetes (Arunachalam and Gunasekaran 2002), and fish sciences
(Arunachalam and Balaji 2004). A recent report on research output from BRIC countries
gives their total national research paper outputs and patent outputs and compares this
metric to that of the world (Adams et al. 2013). The report shows a rapid rise of China as a
global player in research. This work however, concentrates on analyzing the research
output from the BRICs and no attempt is made to understand the differences in Indian and
Chinese research outputs. Altenburg et al. (2008) found evidence that for both India and
China, their research efforts rarely materialized in cutting-edge innovations but suggested
that if capital accumulation proceeded at the then current pace, the innovation capabilities
will rapidly build up in China and with a time lag in India. It will be interesting to know if
this has indeed happened in the 5 years since this study was published.

In this paper, a simple analysis of the research output from India and China in sciences
and technology since 1975 is presented. Although the number of papers is a subjective
measure and differs in different sub-fields within Sciences and Engineering; a measure of
the total number of papers published in peer reviewed journals can provide a fairly rea-
sonable measure of the scientific progress. The results show that the Indian research output
has fallen far behind that of China with a gap that has only increased in the recent times.
Simple statistical tools are used to analyze the trends and identify the modulators for these
trends. Although several complex factors can potentially affect the observed trends, it is
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shown that specific government programs and the funding for research in sciences and
technology can be significant factors in determining the research output.

Methods

Thomson Reuters Web of Knowledge database was used to get the research articles
coming out of India and China between 1975 and 2012. The total number of research
papers is counted such that at least one author affiliation comes from these countries. The
area is limited to sciences and engineering with review articles and articles from confer-
ence proceedings being included in the analysis. Only English language publications are
considered as per the Thomson Reuters database. While plotting the research trends of
India and China, several inflection points where the research output growth either accel-
erates or decelerates are discussed. The growth rate of the research output (slope of the
number of research papers vs. time) is plotted as a function of time to get this trend. A
trend in acceleration or deceleration is said to exist if the rate increases for four or more
years steadily with no more than 1 year of slower growth (excluding the last year) in this
time period. This definition for acceleration/deceleration is chosen to differentiate the true
trend from local variations. The choice of four or more years is chosen by the author and is
for interpretation purpose only. While analyzing the research trends, the research output is
plotted as a function the gross domestic expenditure on research and development by China
and India. Curve fitting is used to establish the correlation between funding and output with
the highest possible correlation coefficient amongst linear, polynomial, exponential and
moving average fits used to determine the relationship.

While analyzing the observed trends, the ‘difference in the difference’ (DID) approach
is used in order to isolate the possible significant factors affecting research output. The
difference in difference approach is a statistical tool to separate the effects of a particular
treatment on an event from effects of multiple other parameters influencing the event at
identical periods of time (Abadie 2005; Berry 2011). The effect of the treatment obtained
by this method is the “Average Treatment Effect” or ATE. Note that the DID approach
assumes that the control group identifies the outcome in absence of the treatment. As a
result, this approach is approximate and can only be used as an estimate. In the simplest
case where the effect of the control is known, the ATE can be obtained by simply sub-
tracting its effect of the control from the effect of the treatment (i.e. as the difference in
difference). The simplest example of DID is shown in Table 1. The ATE in this case is the
(T, — T)) — (T4 — T3). Note that for multiple input parameters, the DID approach
becomes semi-empirical and requires nonlinear analysis to isolate the effects of each of the
parameters.

Results

The research paper output for India and China as a function of time between 1975 and 2012
is plotted in Fig. 1. The Fig. 1 also shows the ratio of China’s output to that of India for the
same time period. Figure 2 shows the rate of growth in research output of China (top) and
India (bottom) as a function of time. The slope for India and China is positive for all the
years examined, indicating a growth in output. From Figs. 1 and 2(top), it is clear that the
Chinese output was growing at a steady pace until 1995, when the growth rate showed a
rather sudden jump. This is indicated as an inflection point in Fig. 1, where the output
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Table 1 Example of difference-in-difference approach to obtain the effect of the treatment of interest (i.e.
ATE) (Berry 2011)

Before the event After the event
Treatment of interest T, T
Other events taken as control T Ty

The ATE of interest is the effect of the treatment (7, — T;) minus the effect of the control (T, — T3)

started to grow rapidly. Although the Chinese growth slowed between the years 2000 and
2003, it picked up rapidly thereafter and has continued this trend until today. Corre-
spondingly, a second inflection point for China is indicated for the year 2003 in Fig. 1. In
the case of India (Figs. 1 and 2 bottom), the growth rate has been varying such that it is
seen to go higher and lower throughout the period examined. The output growth decel-
erated from 1978 to 1985, and in the 1990s, while the output accelerated between the years
2000 and 2006. The output has dropped significantly since then and the total output has
plateaued out since 2009/2010. Another interesting point is indicated by the scale of the
y axis (i.e., the growth in research output per year) in Fig. 2 for China and India. The
Chinese growth rate since 2000s has been >5x that for India. From Fig. 1, the ratio of
research articles per year from China to India has been increasing steadily all the time and
does not appear to plateau out (~4x in 2012). In other words, China’s output is not only
higher than that of India, but the gap between them is steadily widening. This is remarkable
given that Chinese output was lower than that for India before 1995.

We next plot the regional comparison between the research output of India and China
from 1990 to 2012 as the percentage increase in research output compared to 1990 (Fig. 3).
The trends for the two largest city-states of China are similar to the trends for China shown
in Fig. 1, i.e. acceleration in output is seen in the years 1995 and 2003 compared to
previous years. For Indian research output, the states with largest GDP are plotted plus the
national capital of New Delhi. The general trends for the regions of India are also
somewhat similar to the national trends shown in Fig. 1, i.e., rapid growth in the first half
of 2000s, with a slowing down in the output growth in the recent years. The plot is
unremarkable and does not point to any particular region having led the increase in
research output.

Figure 4 compares the research paper output from 1996 to 2007 as a function of the
total Science the Technology gross domestic expenditure on R&D (GERD) by India and
China (World Bank Database 2013). The total expenditure (x axis) is calculated by taking
into account the purchasing power parity (PPP) of the nations in order to be comparable in
USS$ equivalent. The use of PPP is necessary since a similarly productive faculty will cost
less in India versus China in absolute terms and hence the absolute numbers are not
comparable. The measure of GERD takes into account the funding from public as well as
private sectors. Note that the scale for the Chinese output and the Indian output are
separated (scale on vertical axis on left vs. on right) so that they fit on the same graph. A
polynomial fit results in the best correlation to the data for both the countries.

Discussion

The factors that lead to the changes in the research output including the points of
acceleration and deceleration are complex and cannot be easily quantified. These
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Fig. 1 Research articles from China and India since 1975. China’s output crossed that for India in 1995 and
has increased rapidly since then. The ratio of the research output of China to India has been growing steadily
since 1977 with no sign of slowing down

factors may include (a) government policies including setting up of new academic
institutions and increasing funding for the existing ones, (b) push by regional gov-
ernments, (c) GDP growth driving a growth in industrial R&D causing an increase in
the graduate school enrollment (due to availability of such jobs), and (d) overall
increase in the positive attitude caused by economic growth that can attract academic
talent including that from diaspora, (e) presence of infrastructure and traditions for
excellence in research (e.g. the presence of universities of national importance even
when research output was insignificant), and (f) regional factors such as political
changes, research assessment, university structures etc. These factors are summarized in
Table 2. Note that these factors are by no means exhaustive considering the dynamic
nature of research output. We use simple statistics to assess if targeted government
policies, regional research growth and/or the research funding in the area of science
and technology have impacted the research output.

In case of China, the government enacted a policy of ‘project 211’ in 1995 with a
‘Decision on Accelerating Scientific and Technological Progress’. This was a major
push from the government infused funding into science and technology (S&T). This
policy was a complete reversal from the isolationist policies enacted during the Cultural
Revolution (1967-1977). The Chinese government followed through by giving large
funding to S&T research. For a policy enacted in 1995, it is expected to have a
minimum time lag of 4-5 years between the funding for research proposals and the
research output (Carpenter et al. 1988; Cunningham 1997; May 1998, 1997). These lags
are uncertain and variable and the interactions between institutional, national and
international effects are very large. Although some of the existing research projects may
get additional funding from the ‘project 211’ immediately after 1995, it is clear that
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Fig. 2 The slope of the research output for China and India. The slope of the Chinese output shows distinct
inflection points with significant increases in growth in 1995 and 2003. A period of slower growth between
the years 2000 and 2003 is also noted. The Indian output growth rate has accelerated and decelerated
consistently throughout the studied time period. An accelerated growth period from 2000 to 2007 can be
observed. However, this time period is followed by significant slowing of the growth rates. Both countries
show positive growth from 1975 to 2012. The arrows represent trends with the slope of the arrow
approximating the slope of the data points. Red arrows indicate decrease in growth rate while green arrows
indicate an increase in growth rate. Note that the scale of the y axis for China is an order of magnitude higher
than that for India

factors other than ‘Project 211° are responsible for the inflection point of 1995. In 1998,
the Chinese government embarked upon ‘Project 985’ with the aim of promoting the
development and reputation of the Chinese higher education system in general and
certain universities in particular. The project involved the national and the local gov-
ernments allocating large amounts of funding to build new research centers, improve
facilities, attract world-renowned faculty and visiting scholars, etc. Considering the time
of 4-5 years required for converting policy initiatives into increased research publica-
tions, the ‘Project 985’ could indeed be a significant factor in the inflection point
observed in the Chinese research output in 2003. Note that this project also had follow-
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acceleration seen since mid-2000s, mirroring the national trend. The research output of India is also seen to
mirror the national trend including the recent plateauing out of the output
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Fig. 4 Number of research papers as a function of the science and technology research funding for India
and China (World Bank Database 2013). The data for the spending is calculated by taking into account the
purchasing power parity of the nations for accurate comparison

on funding phases where additional universities were included. The Indian research
output has specific inflection points in early 2000s when the output rate increased with

time, however at a much smaller pace when compared to China.
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Table 2 Possible important factors affecting national research paper output

Primary factor Secondary factor Result

Setting up of new institutions
Increased availability of funds for research

Government policy Increase in research output

Regional government Same as above Region specific increase in
policies research output

Growth in industry due to domestic factors and Increase in GDP and
FDI (Tang and Hussler 2011) research output
Increase in industrial R&D
Increase in enrollment at Universities due to
availability of research jobs
Increase in funding for research in science and
technology
Return of trained diaspora

Growth in economy

Pre-existing infrastructure
and tradition for
excellence in research

Seed for good research
institutes. Increase in
research output

Region specific events Political change (Braun and Schubert 1996),  Changes in research output
changes in research assessment (Currie
2008; Jiménez-Contreras et al. 2003; Moeh
2008), changes in university structures, and
strategic changes in the balance between
academic and research institutions (Philippe

and Mustar 2001)

Table 3 Number of research papers per year for China and India in 1998, 2003, and 2006

# of papers per # of papers per # of papers per

year 1998 year 2003 year 2006
Treatment—Project 985 (China) 19,822 47,652 85,282
Control (India) 16,370 20,811 27,398

The Project 985 was enacted by the Chinese government in 1998

In order to test the effect of ‘Project 985°, we use the DID approach described in the
‘Methods’ section. We use the premise that China went through a specific government
program of ‘Project 985°, while Indian government did not have any such specific program.
Further, the assumption is that the government initiative acted independent of the other
factors. Table 3 shows the number of papers before the after treatment. The ATE for
1998-2003 (when the Project 985 is expected to have minimal impact) is 23389 papers/
year. The ATE for 2003-2006 (when project 985 is expected to have high impact) is
31,043 papers/year. The Project 985 appears to be significant for the Chinese research
output compared to the comparative government policies in India. We note that this
approach is only approximate and ignores interdependencies. Further, this change hap-
pened during a period of significant structural and political changes in China.

In case of India, one of the speculations has been that since India started opening up of
the economy about 13 years after that for China, the Indian output will show a lag with that
of China by that time (Altenburg et al. 2008). It is clear from Figs. 1 and 2, that the rate of
increase of research publications per annum from China seen after 1995 is higher than that
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for India until today. Further, other than in early 2000s, there seems to be no indication of
an inflection point for India where growth accelerated similar to that seen by China in 1995
and 2003. Thus, we do not have an indication at this time that India will ‘follow’ China in
terms of the research paper output in sciences and engineering. The growth for Indian
research since 2000 could possibly be due to the general growth in economy resulting from
the opening of the economy. However, further studies are needed to establish this link. The
root cause for the deceleration in growth rate seen in the output growth since 2006 is less
clear. It is interesting to know that India did not embark upon specific thrusts for science
and technology research and instead largely relied upon general increase in research
funding as the economy grew in size. In addition, the Indian government is shown to have
neglected the Indian ‘State University’ system over the latter decades of the twentieth
century (Kanhere et al. 2009). Clearly, this laissez-faire approach adopted by India has not
helped in boosting the research output to the levels seen in China.

In the case of economic output of China and India, it was the special economic zones of
China (e.g. Shenzhen) and the software and hardware hub (Bangalore) of India that led the
economic growth before the rest of the country showed similar growth rates (Leong 2013;
Pandit 2012). From Fig. 3, we see no indication that the local governments are ‘leading the
way’ in accelerating the research output. This plot is rather unremarkable since the regional
trends are visibly following the national trend. Since the main objective of this paper is to
analyze the national research outputs of China and India, analyzing the detailed causes of
regional output variations will be an objective of a different investigation. Further, Fig. 4
confirms that the funding for R&D is a significant factor to the total research output for
these countries. The rate at which the research output increases with funding (constants in
the polynomial fit) is different indicating the complex economic and socio-cultural factors
that are not accounted for in this simplified analysis.

Note that the number of patents granted can potentially be taken as an important
measure of scientific progress. Bhaumik et al. (2009) carried out such a study in 2009
comparing the patent output of India and China. This study showed an increase in Indian
patent output with an even higher increase in output of Chinese patents. A close look,
however, revealed that the patents grants originating from India were dominated by
Chemistry area, particularly in the fields related to pharmaceuticals and biotechnology.
This patent trend mirrored the strong growth in India’s pharmaceutical R&D outsourcing
business.

Limitations

We note that the analysis presented in this paper is only approximate and has several
limitations. First, since some papers can have multiple authors with affiliations from both
China and India on the same papers. Such papers are counted for both the countries.
However, the author believes that this does not significantly affect the results. The
analysis also ignores the interdependencies between different factors affecting research
output (bias in the ATE obtained from the difference-in-difference approach). The socio-
cultural conditions of each nation is different and can have an entirely different effect of
the same input parameters; we ignore this factor since it is difficult to quantify. Lastly,
the Chinese language papers are not included in this study. Clearly, an extensive cause-
effect analysis needs to be undertaken to fully understand the observed trends. Similar to
other scientometric studies, the time trends of a significant phenomenon (in this case the
research output from the two most populous countries) is plotted with the investigation
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of the related important factors that show a correlation with these trends. To the author’s
opinion, the current analysis provides useful conclusions and trends that can help enact
specific government programs and increase in the overall funding for science and
technology research to potentially boost the research output and hence improve the
competitiveness of her economy. The study also shows that from the perspective of the
research paper output, India has fallen behind significantly behind that of China with no
sign of catching up.

Conclusions

An analysis is presented comparing the research outputs from India and China since 1975.
The Chinese research output has increased at a rate far outpacing that of India. Chinese
research output is seen to accelerate at two distinct points; first in 1995 and then again in
2003. Although the actual research paper output is a result of several interrelated factors;
simple statistical analyses shows that targeted government programs and overall funding
for sciences and technology research are significant factors in increasing the research
output. The finding in the paper also points to the fact that Indian output is not a mere time
lag when compared to that for China as speculated in literature. These findings provide
future indicators for the growth of these two countries.
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