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Executive Summary 

India is a vital strategic partner for the United States and a nation 
with considerable potential in artificial intelligence. As the Indian 
government moves forward with its plans to invigorate AI-based 
innovation and build AI-ready infrastructure, understanding the full 
scope of its AI capabilities—today and in the near future—becomes 
increasingly important. Drawing from a variety of original CSET 
datasets and primary source data, this paper presents an overview 
of India’s AI potential along five categories pertinent to the 
development of AI: 1) talent, 2) research, 3) patents, 4) AI 
companies and investments, and 5) cloud computing. 

Key Takeaways: 

• Talent: Talent is a key factor for success for India. The 
stronger the talent pipeline, the better the research output, 
intellectual property (IP) creation, and the ability to attract 
equity investments. India produces almost twice as many 
master’s level engineering graduates as the United States, 
second only to China, yet less than one-third as many PhDs 
as the United States. Weaknesses in India’s higher 
education sector limit its ability to continue training a highly 
skilled AI workforce at scale, and causes Indian students to 
predominantly pursue PhDs in foreign countries, especially 
in the United States. 

• Research: India has a vast AI research community and is the 
fourth largest producer of AI-relevant scholarly papers since 
2010. However, Indian AI researchers are less likely to 
collaborate with foreign authors in comparison to the other 
top 10 AI research-producing countries, to the detriment of 
the quality and impact of their research. Established AI 
research fields in India like speech and pattern recognition 
offer opportunities for Indian researchers to increase their 
outreach, especially with their counterparts in the United 
States; Indian AI researchers coauthor papers five times 
more frequently with U.S. researchers than any other 
country.  
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• Patents: Patents are conceptualized as a measure of 
innovation. Even though the number of Indian-owned AI 
patents is very small in comparison to its AI research output, 
India ranks in the top 10 AI patent producing countries, 
having witnessed high growth in AI patent applications 
since 2012 driven by a rapid increase in AI-related 
inventions. The four largest categories for AI patents in India 
are personal devices and computing, business, 
telecommunications, and life sciences, which are collectively 
associated with more than 70 percent of India’s AI patents 
and indicate that Indian innovators have focused on 
applying AI to areas of traditional strength. India has come a 
long way in AI patenting in the past two decades, as its 
patent system has been updated and companies have 
started to see the benefit of using patents to protect their 
innovations. That said, India still has a long road ahead to 
catch up with China and the United States, currently the 
dominant sources of AI patents. 

• AI Companies and Investments: Private-market investment 
in India’s 361 privately-owned AI companies witnessed a 
steady growth between 2015 and 2018, after which it 
nearly tripled in dollar value. The percentage jump in India’s 
estimated investments in 2019 alone was higher than that 
of any country, including the United States and China. 
Among foreign investors in the Indian market, U.S. investors 
far outpace Chinese investors. Over half of all Indian 
companies applying AI to its product are active in business 
analytics, medicine, finance, and sales, retail and customer 
relations, and they attract more than 60 percent all equity 
funding given to Indian AI companies.  

• Cloud Computing: Since India does not have a domestic 
manufacturing capacity for AI chips, market cloud 
computing spending is a useful proxy for the country’s 
capacity to support its AI computing needs. India lags in 
cloud computing with a cloud adoption rate that ranks 
below the world average. But India also has one of the 
fastest growing cloud markets with rising demands for 
computing power that is expected to grow at double-digit 
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rates. In order to make progress in this domain, a pragmatic 
and cost-effective path forward for India would be to build a 
domestic centralized AI-specific cloud infrastructure facility 
to facilitate the work of a broader spectrum of stakeholders 
in its AI ecosystem. Notably, the Indian AI strategy is moving 
in this direction. 

Across all of these categories, the prevalence of India-U.S. 
interactions and widespread evidence of existing ties are hard to 
miss. Moving forward, any successful partnership between the two 
countries will rely on their ability to provide a healthy environment 
to educate and train future AI innovators, and provide low cost and 
accessible cloud infrastructure to advance innovation, while at the 
same time further strengthening research collaborations, IP 
cooperation, and investor ties. 
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Introduction  

As one of the fastest growing major economies and the second 
most populous country in the world, India has a significant stake in 
the development of artificial intelligence globally.1 The Indian 
government believes the country’s thriving tech community, robust 
information technology (IT) ecosystem, and growing economy 
could position it among the leaders in AI.2 These expectations hold 
merit. India’s workforce holds the highest average share of AI skills 
represented among its top 50 skills than any other country in the 
world—roughly 2.6 times the global average.3 It has experienced 
one of the fastest growths in AI hiring from 2015 to 2019.4 India 
has a vibrant technology market and the third largest startup 
ecosystem globally, which added 1,300 startups in 2019 alone.5 

However, India also has significant impediments to making AI 
progress. It lacks the facilities to support large scale experimental 
test beds, an enabling data ecosystem that facilitates access to 
intelligent data, and sufficient high-quality talent working on 
cutting-edge AI algorithms.6 India’s existing compute capabilities 
are at best “islands of modest excellence with capabilities of a few 
petaflops,” not suitable for AI workloads at scale.7 

In recent years, India has amplified its efforts to improve its AI 
infrastructure. In June 2018, the Indian government released the 
country’s National Strategy for Artificial Intelligence, which 
identified priority sectors for AI deployment—healthcare, 
agriculture, education, smart cities and mobility—and has since 
partnered with leading tech players (like Intel and Microsoft) to 
implement AI projects in these areas.8 India’s Ministry of Electronics 
and Information Technology constituted four committees to 
promote AI initiatives and develop policy frameworks for faster 
adoption of AI. 9 Subsequent reports released by these committees 
in July 2019 proposed action in areas of data; identification of AI-
relevant national missions in key sectors; skills development and 
research and development (R&D); and cybersecurity, safety, legal, 
and ethical issues.10  

Other key initiatives include a training program aiming to make AI 
tools and skills accessible to youth, an AI-specific cloud compute 
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infrastructure facility, a standardization committee to bring 
functional uniformity in AI architectures across sectors, and various 
centers of research excellence for transformational AI.11 India has 
been an active participant in many of the new multilateral efforts 
around AI, such as the Global Partnership on Artificial Intelligence, 
and is likely to play a significant role in global AI standard setting. 
The U.S. National Security Commission on Artificial Intelligence 
proposed creating an India-U.S. strategic tech alliance, citing the 
country’s tech talent, strong innovation, and technical 
infrastructures together with its growing geopolitical challenges 
and a shared commitment to freedom and democratic principles.12 

Despite India’s accomplishments in AI, there is no single, holistic 
assessment of the country’s technological capabilities in this area. 
In this paper, we evaluate India’s potential for AI by examining its 
progress across five categories of indicators pertinent to AI 
development—talent, research, patents, companies and 
investments, and compute. These elements are widely regarded as 
crucial enablers of AI and have prominently figured in many reports 
evaluating a given country’s individual or relative standing.13 They 
also represent CSET’s own active lines of research in studying AI, 
with most of them classified as AI foundations. Data is often 
identified as a precondition to train AI algorithms, but we exclude it 
from this report because data needs for AI are task specific, and 
broader proxies estimating a country’s data potential more 
generally (population size, number of digital activities, etc.) could 
be misleading.14 A comprehensive assessment of India’s data 
management infrastructure could be a useful exercise and an area 
for future work. 

We draw our assessments for the five categories under 
consideration based on data from a variety of original CSET 
datasets and primary data sources. The measures evaluated in this 
brief include: 

a. Talent: computer science and engineering graduates.  

b. Research: scholarly papers from academic journals and 
conference proceedings.  
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c. Patents: patent documents associated with global 
inventions.   

d. AI Companies and Investments: equity investment flows into 
privately held AI companies.  

e. Cloud compute: market trends on cloud computing capacity.  

Graduates from higher education institutions determine the quality 
and availability of domestic AI workforce. Scientific publications are 
key indicators of a country’s research strength. Patents measure 
the transformation of research into inventions that can be used to 
design new products and services. Private equity investment flows 
provide meaningful insight into innovation, health, and growth in 
the commercial sector. Computing power is the engine that runs AI.  

All of these resources provide useful insights into India’s AI 
landscape, but each has its own limitations, and even together, 
they remain an imperfect measure of true AI progress. For example, 
talent figures are based on broader proxy discipline categories, 
because data for STEM graduates is not consistent across 
countries. Not all Indian research is published, some non-English 
research may not be included in the journals we cover, and it is 
hard to judge the quality of this research. Meanwhile, innovation 
conceptualized as patents may not provide a comprehensive 
picture, since organizations may elect not to patent all of their 
inventions, but instead hold them as trade secrets, especially if they 
believe that a given country’s legal system does not provide 
sufficiently strong protection for intellectual property.15 Moreover, 
our measures for AI-related investment do not cover equity 
investments made in public companies or internal investments in AI 
by companies that are not focused on AI. Unlike the other levers, 
computing capacity estimates are based primarily on third-party 
sources, rendering less confidence in our evaluation. Therefore, we 
encourage readers to continue exploring other metrics beyond our 
assessment for a complete picture. 

These limitations notwithstanding, this paper lays the foundation 
for a comprehensive assessment of India’s capabilities in AI, 
including previously underexplored dimensions. It serves as a 
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primer for anyone looking to estimate India’s relative strengths and 
weaknesses in developing AI, specifically what it brings to the table 
while collaborating with AI heavyweights or in its attempt to be a 
leader amongst other developing economies. India is emphasizing 
reforms and growing quickly across most of the five AI levers. 
Therefore, we encourage readers to approach this analysis in view 
of the fast-evolving priorities and trends in Indian AI development. 

The following section presents our findings across each of the five 
categories—talent, research, patents, AI companies and 
investment, and cloud computing—followed by concluding 
thoughts. 
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Findings 

Talent 

This section interprets the AI talent landscape in India through the 
lense of the number of master’s and doctoral graduates in STEM 
fields.16 The data on this is drawn from a cross-national dataset on 
the number of engineering or computer science graduates as 
reported in each country by their respective governments—namely 
the All India Survey on Higher Education (AISHE), Ministry of 
Education in China, and the National Center for Education Statistics 
in the United States. It includes numbers on global talent flows as 
reported by the United Nations Educational, Scientific and Cultural 
Organization (UNESCO), and data on international students in the 
United States as reported by the Institute of International 
Education. 

There is no single way to define AI talent, but a common approach 
is to consider people with graduate degrees in computer science 
and computer engineering as a proxy for it.17 However, there are 
measurement challenges, especially when it comes to cross-
country comparisons given a lack of uniformity in the way different 
countries classify disciplines and report numbers.18 Despite these 
limitations, we can compare the number of graduates across 
countries if we broadly look at all engineering graduates for the 
time frame that all countries of concern have provided data for. 

Table 1 presents the total number of 2016–17 graduates in 
engineering at the master’s and doctoral level broadly across India, 
China, and the United States, as reported by their national 
governments. The total number of bachelor’s graduates in 
engineering for 2016–17 in India were 894,437 or roughly seven 
times the number in United States that total 133,790 for the same 
time period. 
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Table 1: Engineering graduates, 2016–17. 

 

Source: All India Survey on Higher Education, Ministry of Education                           
in China, and the National Center for Education Statistics in the United States. 

These numbers help us get a sense of the AI talent pool produced 
by each of these countries. Overall, China had the highest number 
of engineering graduates in 2017—both at the master’s and 
doctoral level. It is interesting to note that even though India 
produces a large pool of bachelor’s and master’s students in 
comparison to the United States, its number of doctoral graduates 
is much smaller. While in the United States, engineering graduates 
with master’s degrees outnumbered those with doctoral degrees 
nearly 6-to-1. In India, the number for master’s graduates was 31 
times greater than the number of graduates with doctoral degrees. 

Table 2 offers a closer view into this quantitative disparity at the 
two degree levels by exploring the number and proportion of 
Indian master’s and doctoral graduates in certain AI-relevant fields 
from 2015 to 2019. 

Table 2: Indian master’s and doctoral graduates in AI-related fields, 
2015–19.19 

 
Source: All India Survey on Higher Education. 
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Among all Indian graduate students, doctoral students comprise a 
significantly smaller proportion of the cumulative engineering 
graduates at the master’s, MPhil and doctoral levels. Across all 
major AI-related fields under study, the share of doctoral students 
remains under 4 percent of the total engineering graduates. Such 
low proportions are due to several factors, including absence of 
sufficient research centers or departments in most Indian 
universities, shortage of qualified teachers, lack of student access 
to financial support, complex regulatory norms, and concerns 
regarding the quality of India’s higher education sector.20 According 
to AISHE’s 2018–19 report, only 34.9 percent of all higher 
education institutions in India run master’s or MPhil programs and 
only 2.5 percent of them run doctoral programs.21 

Due to the lack of alternatives within India’s resource constrained 
higher education system, an increasing number of Indian students 
have moved abroad to pursue their graduate studies. The total 
number of Indian students outside of India increased from 118,924 
in 2003 to 181,872 in 2013.22 In 2016, about 278,383 students 
were pursuing post-secondary education in foreign countries. This 
accounted for almost 7 percent of India’s cumulative graduate 
enrollment.23 Table 3 illustrates the top five destinations for Indian 
students moving abroad in 2016.  

Table 3: Top five destinations for Indian students                      
abroad, 2016. 

 

Source: UNESCO Institute for Statistics, Global flow of tertiary-level students. 

The United States stands out as the most popular choice, with over 
36 percent of Indian students travelling to the country to pursue 
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higher education. Canada was the third most favored choice in 
2016, attracting roughly 9 percent of Indian graduates—but the 
growth for Canada in recent years has been much higher.24 

Indian students account for nearly 14 percent of international 
students in the United States. India is the second largest country of 
origin for foreign students studying in the United States, China is 
the first. However, when looking specifically at mathematics, 
computer science, and engineering talent, the number of 
international Indian students in the United States has doubled in 
the past decade, outpacing their Chinese counterparts for six years 
out of 10 since 2009 (see Table C and Figure D in the Appendix). 

Of the total annual engineering doctoral graduates in the United 
States (averaged across 2015-2017), Indian doctoral graduates 
comprised 9 percent of the total, or 783 in number.25 This number 
represented 21 percent of the total annual number of engineering 
doctoral students graduating in India averaged across the same 
time period.26 

Talent from India in the United States: 

• Indians account for 71.7 percent of approved H1B visas issued 
annually by the U.S. Citizenship and Immigration Services (USCIS).27 

• Indian students comprised 13 percent of all U.S. doctoral recipients 
on temporary visas between 2000–17, second only to China. 93 
percent of these doctorates were in the science and engineering 
fields.28 

• Intention-to-stay rates (or percentage of international students 
intending to stay in the United States after completing their degrees) 
for Indian graduate students are among the highest, exceeding 90 
percent.29 

• First-generation immigrants from India comprised 11 percent of the 
founders of the top 50 AI startups in the United States—the largest 
share among all immigrant founders.30 
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The lack of strong doctoral programs in India limits the country’s 
ability to continue training its own highly skilled domestic AI 
workforce, which will potentially impact its ability to be more 
innovative in AI. The stronger the talent pipeline the better the 
research output, intellectual property (IP) creation, and the ability to 
attract funding for startups and businesses. This is a key factor for 
success for India. 

The Indian government recognizes its current limitations and 
inability to fully accommodate the talent pool at home. 
Consequently, it does not see itself as suffering from a brain drain 
requiring it to take policy steps to induce return migration of its 
talent. As a prominent Indian official reportedly noted, “brain drain” 
is better than a “brain in the drain.”31 

The development of infrastructure needed to train its AI talent is a 
long-term endeavor that India should push harder to achieve. In the 
meantime, India can benefit from strengthening its ties with its tech 
talent diaspora, which already plays a significant role in the U.S. 
tech sector. This can also serve as a bridge between the two 
countries, transferring skills, creating avenues for research 
collaboration, and other externalities such as investment flows, 
inducing incentives for higher and technical education, and setting 
up of new firms and subsidiaries of multinational companies.32  

In reference to talent flows to the United States, India’s Minister of 
External Affairs, S. Jaishankar remarked in September 2020 that 
supporting Indian talent in the United States “is a win-win for both 
countries.”33 India creates a huge AI talent pool, but an inability to 
provide the right environment to nurture it will be a loss overall—
for India, the United States, and the global AI community. 

Research 

In this section we explore AI research in India by examining 
research papers published by Indian authors in areas related to 
AI.34 Raw research output is a very simple measure of research 
capability and suffices for this quick introduction; however, other 
indicators can and should be explored to fully understand a 
country's research potential. We compare India’s public-facing 



 
Center for Security and Emerging Technology | 14 

scientific research output with other countries and explore the top 
collaborators with Indian scientists across all AI-related topics over 
the past decade. The data for this section draws from global 
academic journals and conference proceedings in Web of Science, 
China National Knowledge Infrastructure, Dimensions, Microsoft 
Academic Graph, and arXiv from 2010 to 2019. We estimate that 
this merged dataset of scholarly literature holdings collectively 
captures over 90 percent of the world’s scholarly output during this 
period with 109.8 million unique research papers in Chinese, 
English, French, German, Japanese, Portuguese, Spanish, and other 
languages.35 

India is one of the top producers of AI scholarly research 
publications over the past decade. Between 2010 and 2019, we 
identified a total of 84,384 AI papers that have at least one author 
affiliated with India.36 Table 4 presents the top 10 countries by 
production of AI-relevant scholarly papers in 2010–19. While 
China and the United States are clear leaders, Indian AI-relevant 
research production ranks fourth, closely behind the United 
Kingdom and ahead of Germany and Japan. 

Table 4: Top 10 countries by                                                      
production of AI-relevant scholarly                                                   
papers, 2010–19. 

 
Source: CSET merged corpus of scholarly                                                        
literature, as of January 15, 2021. 
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The progress of Indian AI research is all the more impressive given 
that India’s expenditure on R&D totaling $49 billion in 2015 is 
much smaller than some advanced economies, like Japan at $170 
billion and Germany at $132 billion (2017 figures).37 India’s rank 
slips further down versus others when looking at R&D as a share of 
its gross domestic product (GDP) or gross expenditure on R&D per 
researcher.38 This means that India’s scientific research in AI is 
most likely underfunded in comparison to many countries, but 
tends to outperform in terms of the volume of research 
production.39 

Indian AI scholars tend to produce research more independently 
and are less likely to collaborate with researchers from other 
countries. Of the 84,384 AI research papers produced by Indian 
authors, only 16 percent of the papers had at least one non-Indian 
coauthor.40 This share is the lowest among all the top 10 AI 
research producing countries. While factors impeding international 
coauthorship by Indian scholars is a topic that requires further 
study, some of the barriers indicated by Indian scientists in surveys 
include lack of funding for international work, differing academic 
standards, bias against scholars from economically developing 
countries, bureaucratic impediments, and lack of institutional 
support.41 

It is widely believed that international collaboration benefits 
research quality and impact.42 Therefore, it is not surprising to see 
that India’s rank slips down from the top 10 countries to 15th 
when we evaluate its AI research based on citation counts.43 

Our findings indicate that Indian AI research collaborations are the 
highest with scholars from the United States, as shown in Table 5, 
with a total of 5,339 coauthored AI papers between the two since 
2010.44  
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Table 5: Top 10 countries by AI research                             
collaborations with India, 2010–19. 

 

Source: CSET merged corpus of scholarly literature, as  
of January 15, 2021. 

It is noteworthy that the number of India-U.S. paper collaborations 
are roughly five times higher than any other country that Indian AI 
researchers collaborate with. The 5,339 India-U.S. coauthored 
papers are more than half of the 10,304 paper collaborations that 
Indian researchers have had with the rest of the world combined. 
Among other factors, this could be due to established institutional 
partnerships between the two countries, like the Indo-U.S. Science 
and Technology Forum (IUSSTF) of March 2000, focused primarily 
on promoting scientific collaboration. For the United States, Indian 
authors are the eighth largest collaborators on AI research ranking 
closely behind Japan’s 5,360 and France’s 6,395 paper 
coauthorship figures.45 

To get a better sense of the top operational avenues for AI 
research cooperation, we also examined the India-U.S. partners 
responsible for the most collaborations. Carnegie Mellon University 
in the United States, and the Indian Institutes of Technology 
emerge as top collaborators, having coauthored 74 papers 
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together, followed by Harvard University and TCS Innovation 
Labs.46 See Table A in the Appendix for details. 

It is also worth understanding what AI fields Indian researchers 
focus on, as shown in Table 6A, which classifies the total AI papers 
produced by Indian researchers by their fields of study, along with 
the corresponding number of paper collaborations between India-
US, India-China, and India-rest of the world (ROW).47 

Table 6A: AI research by fields of study and collaboration type, 
2010–19.48 

Source: CSET merged corpus of scholarly literature, as of January 15, 2021. 
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Table 6B: Average yearly growth rate in AI research and 
collaborations, 2010–19.49 

Note: This table is organized in a descending order as per number of papers in 
each field. 

Source: CSET merged corpus of scholarly literature, as of January 15, 2021. 

Table 6A lays out the data by total paper counts for each field and 
their respective shares in the total. India has produced the greatest 
number of AI research papers in pattern recognition, comprising 23 
percent of all its AI publications, followed by computer vision at 15 
percent. The smallest field is data science with only 927 published 
papers. Research collaborations—where at least one Indian author 
collaborates on a paper with at least one author from the 
corresponding country—follow the same trend. 

It is worth noting that in comparison to global trends, Indian 
researchers produce more papers on speech recognition versus all 
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other AI fields, comprising 5 percent of its total AI publications, 
compared to the rest of the world where 47,797 speech 
recognition papers comprise 2 percent of the total AI publications 
(47,797 of 1,952,800 as of February 1, 2021). Speech recognition 
papers affiliated to Indian authors comprise about 9 percent of all 
papers on the topic produced globally. This could likely be due to 
the country’s vast linguistic variations among its billion plus 
population that provides extensive opportunities to research the 
field. 

Over time, research areas evolve with scientific breakthroughs and 
new trends. Table 6B presents the growth in AI-related research 
output from 2010 to 2019, broken down by field of study and 
organized in a descending order by size of field in India. The 
growth percentages should be seen keeping in mind that the fields 
up top (especially the first four) have larger paper counts and 
therefore more significant results versus when further down the list 
to smaller fields with fewer number of papers. See Table 3A for 
total paper counts. In India, the number of research publications 
linked to the general category of machine learning (ML) witnessed 
one of the fastest growths averaging 124 percent over the past 
decade. Smaller fields like human-computer interactions and data 
science have also expanded, growing by 126 percent and 114 
percent respectively. India-ROW papers follow the same trend 
across smaller fields, with the categories of data science, real-time 
computing, and HCI growing at a high pace. For papers coauthored 
by Indian and U.S. scholars, other than HCI, the larger field of 
natural language processing witnessed a high growth of 308 
percent since 2010. Overall, India-U.S. collaborations across all 
fields grew by 180 percent, in comparison to 195 percent for India-
ROW and 39 percent for India alone. 

India and China have much fewer paper coauthorships and the 
seemingly high growth figures in some fields could be misleading.50 
Most of the high-growth numbers for India and China 
collaborations are due to very small numbers of coauthored papers 
in 2010, translating into a significant growth jump by 2019. 

As a whole, India has an advantage of building upon a huge pool of 
research conducted by its vibrant academic community. But 
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without greater international collaboration, India’s AI-relevant 
research could potentially miss opportunities to further its research 
quality and will fail to have a significant impact globally. AI and 
closely related fields where India has an established research 
community, like speech recognition and pattern recognition, occupy 
an important place in the country’s scientific progression. They 
offer avenues for greater learning and outreach globally, as well as 
commercial growth as an increasing number of businesses develop 
applications based on this research. 

Patents 

This section looks at patenting as an indicator of AI-related 
innovation in India. We examine India’s AI patent activity between 
2002 to 2019 in terms of filed applications and granted patents for 
those IP documents first filed within India.51 The following data is 
drawn from a worldwide AI-relevant patents database at CSET 
derived from patent categorizations by 1790 Analytics.52 All of the 
applied for and granted patents are grouped into patent families, 
which represent all patents related to the same invention to avoid 
double counting.53 Any reference to patents in the section below 
refer to patent families, unless otherwise specified as applications 
or granted patents.54 

India has traditionally fared poorly in patent filings due to several 
factors, including poor infrastructure and limited resources for 
processing patent applications, weak IP protections, limited R&D 
funding, and a general lack of a patenting culture.55 Consequently, 
a majority of Indian patents have been filed by nonresidents in 
India’s patent office, amounting to roughly 68 percent of the total 
in 2017–18. Nearly 62 percent of these nonresident patents filed in 
India were from residents of four countries—the United States 
(31.5 percent), Japan (13.9 percent), Germany (8.6 percent), and 
China (8 percent).56 Even including these nonresident patents, 
Indian patenting activity has been fairly moderate, and it continues 
to lag far behind patenting giants like China and the United States. 

Keeping this in mind, India’s global rank on the number of patent 
families related to AI was surprisingly high.57 Table 7 lists the top 
10 countries by patent families globally between 2002–19. India 
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ranks number 8, slightly above Russia and France. It is interesting 
to note that, in comparison to other top 10 countries, India had no 
AI relevant patents prior to 2002. Therefore, it is impressive to see 
India get ranked in this list after having caught up in less than two 
decades in this domain.58 

Table 7: Top 10 countries by AI                                                                                           
Patent Families, 2002–19. 

 
Source: CSET worldwide AI-relevant                                                                       
patents database, as of January 29, 2021. 

Despite the interesting results, India’s position behind Taiwan, the 
United Kingdom, Germany, South Korea, and Japan, is significant if 
seen from the perspective of patents per unit of GDP or patents 
relative to population, where India’s rank slips further down. If 
patents are an output of research, then India clearly underperforms 
on this output especially when contrasted with the country’s 
voluminous AI research production capacity. Still, India’s 
underwhelming performance in the realm of AI patenting should be 
understood in the context of the confounding factors mentioned 
above, such as lack of patent litigation and IP protections, 
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combined with the understanding that while patents cost money to 
file, scholarly papers are often free or low-cost to submit.  

Even though India’s performance in AI patents is not as impressive 
as its AI research, patent production in India has witnessed 
significant growth since 2012.59 Tata Sons Ltd. is the top patenting 
assignee and most of the large players are big companies. Figure 1 
shows the number of Indian AI patent applications and patent 
grants by year from 2002 to 2018, indicating a sharp increase in AI 
patent activity in recent years. In India, there were 10 times as 
many AI-relevant patent applications in 2018 as in 2012. This 
trend aligns with global AI patent production activity, which saw 
roughly similar growth in this time period.60 This AI patent boom 
post 2012 is commonly associated with increased connectedness, 
more data, and greater computing power that brought new 
breakthroughs, including the rise of cutting-edge AI algorithms like 
deep learning.61  

Figure 1: Number of Indian Patent Grants and Patent Applications, 
2002–18. 

Source: CSET worldwide AI-relevant patents database, as of January, 15 2021. 
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The question arises as to whether this rapid growth in Indian 
patenting reflects increased inventive activity, or results from other 
factors. This context is clarified by the divergence in the number of 
patent applications versus patent grants 2014 onwards. The sharp 
rise in patent applications underlines that a great deal of AI patent 
activity was driven by a rapid increase in AI inventions versus, for 
instance, clearing of backlog applications due to administrative 
progress. The slight dip in granted AI patents from 2017 to 2018 
suggests either an increase in denials or an increase in the amount 
of time taken to process patent applications. The latter is more 
plausible considering that under the Indian patent system 
applicants have 48 months from application date (or priority date, 
whichever is earlier) to request examination of their application.62 
Hence, it is likely that the spike in 2017-18 applications may still be 
working its way through the Indian patent system.63  

Consequently, the number of Indian AI patent grants are likely to 
grow in the coming years. Patent litigation, at least of a significant 
scale, is a relatively new phenomenon in India. If there is little 
history of litigating or enforcing patents, then companies are less 
likely to spend the money to file them.64 As litigation becomes more 
established, the expenditure becomes more justified. Therefore, it 
is probable that the recent trend of increasing AI patent 
applications in India is also going to stay.65 

Figure 2: AI patent families in India by application field, 2002–19.66 

 

Source: CSET worldwide AI-relevant patents database, as of January 15, 2021. 
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Figure 2 shows the distribution of patent families across AI 
application fields.67 The top application field for India’s AI patents 
was personal devices and computing, which was associated with 
568 patent families and includes subcategories like personal 
computers and PC applications, and affective computing or 
technology that enables computers to better recognize human 
emotions. Together, the four categories of personal devices and 
computing, business, telecommunications, and life sciences were 
associated with over 70 percent of all Indian AI patent families.68 
This large proportion is not surprising given that India is regarded 
as a global hub for medicine, telecommunications, customer 
relations, and e-commerce. 

In comparison to global AI patenting trends, what stands out for 
India is the higher proportion of patents in business, with the 
application field featuring in 14 percent of India’s AI patent families 
in comparison to about 10 percent worldwide. Another notable 
point is the absence of significant patents associated with 
transportation as a field in India. Transportation, with sub-
categories like autonomous vehicles, transportation and traffic 
engineering, vehicle recognition, and avionics, is the most popular 
patent application field globally, representing 24 percent of all AI 
patent families.69 In comparison, only 3 percent of India’s patent 
filings were associated with classifications mapped to 
transportation as a field, accounting for a total of 43 patents 
overall. 

Taken together, despite bureaucratic barriers and poor protections 
for intellectual property, Indian patent applications have seen 
massive growth since 2012, which is likely to sustain. Still, the 
number of granted patents remains relatively low. Among all Indian 
AI patents, the majority are in fields like personal devices and 
computing, business, life sciences, and telecom, which indicates 
that Indian innovators have focused on applying AI to areas of 
traditional strength. India has come a long way in AI patenting 
since 2002, as its patent system has been updated and companies 
have started to see the benefit of using patents to protect their 
innovations. That said, India still has a long road ahead to catch up 
with China and the United States, currently the dominant sources 
of AI patents. 
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AI Companies and Investments 

This paper estimates AI investment by measuring equity 
investments into privately held AI companies, or AI-focused 
companies that are not traded on a stock exchange.70 The analysis 
below relies on Crunchbase data drawn from CSET’s investment 
database containing information on companies, venture capital 
funding rounds, and other financial data from 2015 to 2019.71 In 
total, we identified 361 privately-owned AI companies in India. 

Investment in AI has increased greatly in the past five years 
internationally, and India is a good example of a country that has 
witnessed recent growth.72 Figure 3 presents estimates of equity 
investment (defined as venture capital, private equity, and mergers 
and acquisitions) attracted by Indian AI companies from 2015 to 
2019. 

Figure 3: Investments in privately-held Indian AI companies,  
2015–19. 

 

Source: CSET analysis of Crunchbase data, as of January 15, 2021. 

In many AI investment transactions, the investment amount is not 
publicly revealed. Consequently, Figure 3 attempts to give a clearer 
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view of the market as a whole by presenting the data as a) dollar 
values of investment disclosed publicly (disclosed investment), b) 
estimates based on the deals where the amounts are not revealed 
publicly (estimated investment), and c) number of AI investment 
transactions (transaction counts).73 For comparison, corresponding 
AI investments in 2019 in the United States totaled $25 billion, 
disclosed, and $47 billion, estimated. In China, corresponding AI 
investments in the same year totaled $5 billion, disclosed, and $7 
billion, estimated.  

On all three fronts—disclosed investment, estimated investment, 
and transaction counts—India’s AI investment figures appear small 
when compared to the U.S. and Chinese figures. However, 
investment activity in India has witnessed steady growth until 
2018, after which it nearly tripled in dollar value. This jump in 
growth is depicted in Figure 4, which tracks estimated investment 
growth in dollars using 2015 numbers as a baseline. 

Figure 4: Normalized growth in estimated AI investment 
transactions relative to 2015 baseline, by investment target. 

 

Source: CSET analysis of Crunchbase data, as of January 15, 2021. 

The figure illustrates India’s steady growth in estimated investment 
in AI companies since 2015, and the steep rise of more than 400 
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percent from 2018 to 2019.74 This was mostly driven by large 
mergers and acquisitions transactions in 2019 like Reliance 
Industries’ acquisition of Haptik—a conversational AI platform 
focusing on customer engagement.75  

Of all the investments Indian AI companies receive, U.S.-based and 
China-based investors are some of the most important players. To 
compare their activity, we calculated the number and value of AI 
company investments with at least one publicly disclosed Chinese, 
U.S., or Indian investor participating, results are presented in Table 
8.76  

Table 8: Investments into Indian AI companies, 2015–19. 

 

Source: CSET analysis of Crunchbase data, as of January 15, 2021. 

This analysis shows that from 2015 to 2019, U.S.-based investors 
were involved in seven times more AI investment transactions in 
India and invested roughly three to five times more disclosed and 
estimated investments when compared to their Chinese 
counterparts. Indian investors are evidently the biggest players in 
the market on all fronts, but the relatively small difference between 
U.S. and Indian investment figures compared with the stark gap 
between U.S. and Chinese investment figures, underlines the 
United States’ presence as a major player in India.77 Among other 
factors, this could be due to the larger network effects of Indian 
diaspora in Silicon Valley spurring private investment in the Indian 
market.  

Indian investors were involved in more than double the 
transactions in comparison to their U.S. counterparts but the 
disclosed dollar amounts invested were relatively smaller. For 
estimated investments in Indian AI companies, the average size of 



 
Center for Security and Emerging Technology | 28 

a round involving Indian venture capitalists was about $3.8 million 
in comparison to $6.1 million for U.S. investors. This tendency to 
write smaller check sizes becomes slightly more clear when we 
look at the same data slicing transaction counts by investment 
stage (see Table B in the Appendix for details). 

We learn that Indian investors tend to invest more in early-stage 
rounds (seed, pre-seed, angel) in comparison to U.S. or Chinese 
investors. This finding is not surprising given that seed investors 
tend to invest locally. In comparison, Chinese investors are more 
likely to participate in intermediate to late-stage venture financings 
(Series A, Series B, Series C) of Indian AI companies as compared 
to U.S. investors that engage comparatively lesser in intermediate 
rounds (Series B). 

Finally, Table 9 gives an overview of the types of Indian AI-focused 
companies identified on Crunchbase, listing the counts of 
companies and shares of disclosed investment value under their 
primary application area.78 It also presents the amount of disclosed 
investment value for each area as a share of the total dollar value 
invested. 

Table 9: Distribution of AI companies in India by application area 
and investments. 

 
Source: CSET analysis of Crunchbase data, as of January 15, 2021. 
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Consistent with our findings for the patents data, roughly 19 
percent of Indian AI companies are engaged in applications related 
to business services and analytics, and nearly 18 percent of them 
are active in sales, retail, and customer relations, making these two 
categories the primary application areas for AI companies in India. 
By disclosed value, companies active in business services attracted 
a greater proportion of equity investments in comparison to all 
other fields. Taken together, business services and analytics, 
finance, medicine, and sales, retail, and customer relations account 
for over 50 percent of all Indian AI companies and attract over 60 
percent of all equity funding given to Indian AI companies. Other 
smaller sectors attracting a larger proportion of disclosed India-
bound funding relative to their size include transportation, finance, 
and education, which could be indicative of their popularity among 
investors or higher capital requirements. Military, public safety, and 
government applications, along with security and biometrics 
account for a very small proportion of disclosed investments in 
India. Our findings corroborate the idea that profit is the primary 
driver of AI development in India, and a vast majority of equity 
investments going into privately held companies are not focused 
on government needs. 

Looking at companies and investments, India as the third largest 
startup ecosystem globally attracts lesser investments when 
compared to the United States and China. However, there has 
clearly been a significant growth in both domestic Indian 
investment and foreign investment flows into privately-held Indian 
AI companies, particularly after 2018. Among foreign investors in 
the Indian market, U.S. investors have been in the lead, especially 
when compared with their Chinese counterparts. Among the Indian 
AI companies attracting most of this growing investment are those 
in sectors like business analytics, sales, retail, and customer 
relations, which reflect India’s known comparative strengths. 

Cloud Computing 

Cross-country comparisons for computing capacity are hard to 
measure, especially for countries that do not manufacture 
semiconductors. However, market cloud computing spending 
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figures offer useful proxies to estimate a country’s capacity to 
support the computing needs of AI.79 The data for this section 
draws from industry reports on cloud computing adoption in India 
as presented by the National Association of Software and Services 
Companies (NASSCOM) and Gartner. The figures below rely on 
information as presented by these two sources, and only provides 
limited insights into the methods used to collect and analyze the 
data. 

In recent years, significant increases and growing availability of 
computing power have fueled breakthroughs in AI, especially ML-
based systems. As AI systems become more sophisticated, they 
require specialized AI computer chips. These chips are specifically 
designed to accelerate training, reduce power consumption, and 
cost-effectively store and process petabytes of data. At present, 
India does not have the domestic capacity to produce these 
specialized chips and associated computing infrastructure. India 
does have a compute infrastructure enabled by high-performance 
computing, but these existing supercomputing facilities compare 
poorly to those in other countries: the November 2020 top 500 
supercomputers list is dominated by China with 215 
supercomputers, the United States with 113, and India with only 3 
supercomputers, ranking 62nd, 77th, and 144th on the list of the 
top 500.80 Moreover, these supercomputing facilities cater to small 
scale R&D work and are not designed for an AI workload especially 
for a larger ecosystem of startups and other institutions. The Indian 
government’s existing cloud computing environment, MeghRaj, is 
also designed for cloud services with a central processing unit 
based underlying architecture that cannot be upgraded to add 
graphics processing unit nodes, keeping its capabilities modest for 
cutting-edge AI solutions.81 

As a result, many companies in India rely on public cloud 
computing, like computing power available on-demand from 
vendors in the private sector like Amazon Web Services (AWS), 
Google Cloud, and Microsoft Azure.82 Table 10 presents the current 
state of cloud penetration across different countries.83 
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Table 10: Global IT spending and public cloud spending, 2018.84 

 

Source: NASSCOM cloud penetration across countries. 

India’s cloud adoption is still at a nascent stage in comparison to 
the world average. Data from NASSCOM tells us that in 2018, 
business enterprises in India spent $42 billion, or 1.6 percent of the 
GDP, on their IT budget.85 This is roughly half that of the world 
average of 3 percent. Of the total amount spent on IT, public cloud 
spending stood at 6 percent, again lagging behind the global 
average of 7.9 percent. India’s cloud spending totaled $2.5 billion 
in 2018. This amount is estimated to be more than Russia’s 
expenditures, but lower in comparison to many other 
technologically advanced countries. It is roughly half of China’s 
cloud spending estimate, one-fifth of the United Kingdom’s figure, 
and only 2.4 percent of the United States, which spent $103.8 
billion on cloud. 

While the cloud computing market in India is at its early stages of 
adoption, it is growing very fast. Between 2016 and 2018, the 
growth rate for cloud spending in India was at 40.2 percent on 
average, making it the second fastest growing cloud computing 
market at the time (with China being the first).86 The cloud 
computing adoption rate is expected to continue to accelerate 
further due to a projected increase in demand and increased 
capacity.87  
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As per forecasts presented by NASSCOM in 2019, India’s cloud 
market was projected to grow at a 30 percent compound annual 
growth rate, reaching three times its 2018 figures by 2022.88 
NASSCOM projected the country’s cloud spending to grow from 
$2.5 billion to $3.9 billion in 2020 per its conservative estimates, 
$4.4 per base estimates, and $5.1 per aggressive estimates. Indian 
cloud spending was roughly $3.16 billion in 2020, missing even 
the conservative estimates.89 By 2022, these numbers were 
forecasted to be around $5.6 billion conservatively, $7.1 billion per 
base estimates, and $9.3 in an aggressive case. With the 2020 
slowdown, the $7 billion market forecast for India is likely to take 
longer than 2022, which keeps it from matching the world average 
in the short term, let alone emulating developing economies in 
cloud computing.90  

Among the AI development levers we reviewed in this paper, 
India’s capabilities in cloud computing are the least advanced. So 
far, cloud adoption in India is at a nascent stage with its figures on 
cloud spending as a share of IT spending falling below the world 
average. In recent years, India’s cloud computing demands have 
grown significantly. It fell short of meeting conservative forecasts 
for 2020—indicating factors that could be slowing it down.91 
Nevertheless, based on figures of existing forecasts, we concur 
that India’s cloud computing demands will continue to grow in the 
double-digits in the near future. In order to make progress in cloud 
computing, the Indian government should emphasize the various 
infrastructural and operational factors that could drive cloud 
growth further in the country, including reliable power, sustainable 
land regulations, high-speed connectivity, among others.92 
Additionally, a pragmatic and cost-effective path forward for India 
is building a domestic centralized AI-specific cloud infrastructure 
facility to facilitate the work of a broader spectrum of stakeholders 
in the Indian AI ecosystem. Notably the Indian AI strategy is 
moving in this direction.93 
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Conclusion 

India has the potential to position itself as an important player and 
a valuable partner in the AI ecosystem, but serious obstacles 
remain.  

• India has a large pool of potential AI talent but weaknesses 
in its higher education sector limit its ability to train a highly 
skilled AI workforce at scale. India produces a very small 
number of doctoral students with most of them going 
overseas, especially to the United States. 

• It is the fourth largest producer of AI research but has 
relatively fewer international collaborations, which may have 
implications for research quality and impact. Established AI 
research fields in India like speech and pattern recognition 
offer opportunities for Indian researchers to increase their 
outreach, especially with their counterparts in the United 
States with whom they have the strongest research ties 
internationally.  

• India has witnessed a high growth in AI patent applications 
since 2012, but without administrative improvements in 
granting patents and increased IP protections, it will not be 
able to ride the AI patent growth wave.  

• Investments feeding the vast network of India’s privately 
held AI companies is small in comparison to China and the 
U.S., but has grown significantly and the fastest globally 
between 2018–19, with the United States as the primary 
foreign investor. Sectors like business analytics, life sciences, 
sales, retail and customer relations reflect India’s known 
comparative strengths among its AI companies.  

• India lags in the capacity to support its cloud computing 
needs for AI, and has a rapidly growing domestic cloud 
market with rising demands for computing capacity.  
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India-U.S. Cooperation on AI and the Way Forward 

Alignment between the United States and India on AI is clear and 
the potential to build on an already strong relationship is enormous. 
An assessment of the United States’ and India’s national AI 
strategies reveals a shared commitment for a safe and reliable 
deployment of AI. There is a growing consensus in the two 
countries to showcase a democratic way of emerging 
technologies—one that promotes developing AI tools ethically and 
responsibly. This will lay ground for the two like-minded partners 
to defend values like liberty, equality, and justice by providing 
competitive alternatives to counter the export of censorship and 
surveillance technologies attempting to develop a global 
authoritarian AI ecosystem. The AI sector in India and the United 
States is interlinked and congruous and the two countries should 
work with each other given their talent interlinkages and well-
meshed IT sector, high academic AI research collaborations, and 
existing investor ties. 

While countries across the globe race to become AI leaders 
competing to control the best expertise, flow of talent and 
information is uniquely beneficial to both India and the United 
States and is more an avenue of cooperation than conflict. The 
inability to nurture India’s large talent pool by providing it with the 
right environment will be a loss to India, the United States, and the 
international AI community. Talent and compute issues faced by 
India offer opportunities for the United States to strengthen India 
as an AI partner, by exploring ways to help Indian innovators 
acquire greater access to computing capacity and vitalize its higher 
education sector. 

A successful partnership between India and the United States will 
rely on their ability to further bolster international research 
collaborations across the various AI fields. Progress is already 
underway on this front through efforts of organizations like the 
IUSSTF that recently launched a U.S.-India Artificial Intelligence 
(USIAI) initiative to promote bilateral AI R&D collaboration through 
workshops and networking, among others. 94 The initiative could 
serve as a good platform to address the major issues faced by 
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scholars from both countries seeking international collaboration in 
order to further strengthen partnerships.95  

Additionally, IP is critical for sustained economic growth and 
further advancement of AI. India should continue to build upon 
existing legislative progress in IP protection and take steps to 
further improve its infrastructure to address judicial delays. This 
will enable AI innovators to reap the financial rewards resulting 
from their creativity and also create a welcoming environment for 
businesses and potential investors. Additionally, India needs to also 
work towards improving its regulatory apparatus and issues 
pertaining enforcement of contracts to build more confidence 
amongst foreign investors who continue to be major players in its 
private market. 

Any successful AI partnership between India and the United States 
will also require them to overcome several other challenges, 
including differing viewpoints on issues covering data privacy and 
storage rules.96 The process will be more productive if a diverse 
range of stakeholders that seek to balance profit, innovation, and 
social welfare, are involved. Bilateral India-U.S. dialogues on AI can 
lay the foundation for future discussions in multilateral forums and 
can potentially build a global consensus by bridging the divide in 
thinking across the developing and developed economies. 
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Appendix 

This appendix presents additional charts and tables of relevance to 
this topic. 

In reference to the research section, Table A presents the top 
academic entities in the United States and India collaborating on AI 
research. The Indian Institute of Technology in India (23 institutes 
grouped together) and Carnegie Mellon University emerge as the 
top collaborating pair.  

Table A: Top 10 academic India-U.S. collaborating entities on AI 
research 

 

Source: CSET merged corpus of scholarly literature, as of January 15, 2021. 

With regard to the analysis under the Companies and Investment 
section, Table B lays out the transaction counts for India-bound 
investments into privately held AI companies by Indian investors, 
U.S. investors, and Chinese investors, presented by investment 
stage. We learn that Chinese investors are more likely to 
participate in intermediate-stage venture financings (Series A, 
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Series B) as compared to its Indian and American counterparts that 
invest more in early rounds (seed, pre-seed, angel). 

Table B: Percent count of India-bound investment by investment 
stage (2015–19). 

 

Source: CSET analysis of Crunchbase data, as of January 15, 2021. 

Table C illustrates the top five countries of origin for inbound 
international students in the United States in 2016. The share of 
Chinese students is the highest followed by India, both of which 
respectively comprised 34.5 percent and 14.1 percent of the 
international student body in the United States for the period. 
Together Chinese and Indian students represented nearly half of all 
international students in the United States in 2016. 

Table C: Top 5 countries of origin for international                                                      
students in the United States, 2016. 

 
Source: UNESCO UIS, Global flow of tertiary-level students. 
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Figure D presents the total number of math, computer science, and 
engineering students in the United States coming from India and 
China for bachelor’s, master’s, and doctoral degrees between 2009 
and 2019. Chinese students in this field have witnessed roughly a 
steady growth in comparison to Indian students that dipped in 
numbers between 2010 and 2012, then witnessed a high growth 
until 2017, after which the numbers dipped again. 

Figure D: Math/Computer Science & Engineering students in the 
United States from India and China, 2009–19. 

Source: Institute of International Education, Open Doors Report on International 
Educational Exchange. 

 As Figure D depicts, there is a greater proportion of Indian 
students studying in the United States are in STEM fields in 
comparison to their Chinese counterparts. This can be seen when 
we compare Figure C and Figure D. Despite a difference of almost 
20 percentage points between shares of Indian and Chinese 
students in the United States, when we look at their breakdown 
under math, computer science, and engineering in Figure D, we see 
their numbers are nearly tied with surges in Indian STEM students 
outpacing Chinese students in some years. Indian math, computer 
science, and engineering students in the United States were almost 
twice the amount of their Chinese counterparts in 2009. In fact, 
2009 onwards, Indian STEM students surpassed Chinese STEM 
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students for six years out of 10, specifically 2009–10 and 2015–
18. 

The total number of international Chinese students has always 
been higher because in comparison to Indian students, there are 
many more Chinese students in the United States pursuing 
degrees in physical and life sciences, and slightly more non-STEM 
fields like business. 
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