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Introduction1
This testimony assesses the current capabilities of China and the U.S. in AI, highlights key
elements of China’s AI policies, describes China’s industrial ecosystem in AI, and concludes
with a few policy recommendations.

China’s AI Capabilities
China has been hyped as an AI superpower poised to overtake the U.S. in the strategic
technology domain of AI.2 Much of the research supporting this claim suffers from the “AI
abstraction problem”: the concept of AI, which encompasses anything from fuzzy mathematics
to drone swarms, becomes so slippery that it is no longer analytically coherent or useful. Thus,
comprehensively assessing a nation’s capabilities in AI requires clear distinctions regarding the
object of assessment.
This section compares the current AI capabilities of China and the U.S. by slicing up the fuzzy
concept of “national AI capabilities” into three cross-sections: 1) scientific and technological
(S&T) inputs and outputs, 2) different layers of the AI value chain (foundation, technology, and
application), and 3) different subdomains of AI (e.g. computer vision, predictive intelligence, and
natural language processing). This approach reveals that China is not poised to overtake the
U.S. in the technology domain of AI; rather, the U.S. maintains structural advantages in the
quality of S&T inputs and outputs, the fundamental layers of the AI value chain, and key
subdomains of AI.
A. Outputs and Inputs
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One approach to measure national S&T capabilities divides indicators into outputs (e.g.
scientific papers, patents) and inputs (e.g. R&D investment, talent).3 Assessing both types of
indicators is essential: Outputs do not reflect all the innovative potential of the inputs, and some
inputs may not materialize into productive gains.
In the domain of outputs, China leads the world in the quantity of both patent filings and
scientific publications related to AI, but it significantly trails the United States in the quality of
those patents and papers. Followed by the U.S. patent office, the Chinese patent office accepts
the most first patent filings in AI — a trend since 2014, per a report by the World Intellectual
Property Organization (WIPO).4 As for publications of AI papers, according to a scientometric
analysis of Elsevier’s Scopus database, China has led the U.S. in this indicator since 2006.5 In a
similar vein, the Obama Administration’s strategic plan for AI research showed that the U.S.
trailed China in journal articles related to “deep learning,” a powerful subset of machine learning
techniques.6
However, accounting for the quality of patents and publications reveals that China’s lead in raw
counts does not necessarily translate into “superpower” status in AI capabilities. The same
WIPO report found that China ranks fifth, far behind the U.S. (first), in terms of highly cited
patent families filed at its patent office; additionally, compared to the U.S. (32 percent) and
Japan (40 percent), only 4 percent of patent applications first filed in China are then filed in
other jurisdictions.7 Moreover, one econometric analysis concluded that China’s patent subsidy
programs inflate patent counts by more than 20 percent.8 As is the case with patents, taking into
account the quality of papers significantly deflates China’s lead in publication counts. In 2016,
Chinese AI papers were fifteen percent less cited than the global average, whereas U.S. AI
papers were cited 83 percent more than the world average.9
On the input side, the amount of R&D investment in AI is an important, but often misoperationalized, indicator of the strength of a nation’s AI ecosystem. For instance, a 2018 White
Paper by a U.S. House subcommittee on information technology argued that China’s rapidly
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growing investments in AI pose a risk to U.S. leadership in the domain.10 Reflecting the difficulty
of pinpointing AI expenditures, the only piece of evidence cited in support of this claim was
China’s overall R&D expenditures.11
More specific government R&D indicators exist but they provide an incomplete view of the
landscape, especially given the prominence of corporate R&D in AI. For example, the Chinese
Ministry of Industry and Information Technology plans to spend $950 million annually on
strategic AI projects in the public sector and state-owned enterprises.12 In comparison, the U.S.
government invested $1.1 billion in unclassified AI-related R&D projects in 2015.13 Corporate
R&D expenditures on AI most likely dwarf these figures. Here, the U.S. lead is substantial. Out
of the top 20 “Software & Computer Services” companies in 2018 R&D spending, twelve call the
U.S. home, three each are based in China and Japan, and two are located in Europe.14
Alphabet, Google’s parent company, leads the pack with nearly $15 billion in R&D expenditures.
Lastly, human talent may be the most valuable input into a nation’s AI ecosystem. Three major
mapping projects support the conclusion that China is second only to the U.S. in the number of
“AI practitioners” but is far behind in the number of “AI experts.”15 Using a broader definition of
AI talent closer to the “AI practitioner” concept, Tencent Research Institute found that China
boasts 39,200 AI talents (13 percent of the global total) and the U.S. has 78,700 AI talents (26
percent of the global total).16 Defining AI talent in narrow terms, ElementAI traced only two
percent of the world’s AI experts to China, compared to 41 percent of the world’s AI experts in
America.17 Researchers at Tsinghua University backed up both claims. Based on their
methodology, China ranks second globally with an AI talent pool at around 65 percent of the
U.S. talent pool (the “AI practitioner” angle) and sixth globally in terms of top AI talents (the “AI
experts” angle).18
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B. The Foundation, Technology, and Application Levels of AI
Most assessments of AI capabilities focus on the technology and application layers, as captured
by emerging startups and new products, such as smart speakers. Indeed, the growth of China’s
AI startup scene, backed by a more mature domestic venture market as well as international
capital, has been impressive. From 2014 to 2016, the number of new Chinese AI companies
constituted 55 percent of all Chinese AI companies ever established, and the scale of Chinese
AI investment for those three years accounted for over 90 percent of the total Chinese financing
that has ever been committed to AI.19 Moreover, in 2017, China’s AI startup scene received 48
percent of funding going to AI startups globally, surpassing U.S. AI startups, which received 38
percent of the global share.20
The U.S. lead is more clear at the foundational level of AI, constituted by the platform and
support architecture that power key technologies and applications. This includes the open
source software that underpins many AI projects. According to a Chinese government white
paper on the topic, the U.S. serves as the home base for the main developers of 66 percent of
the world’s AI open source software (AOSS), while only 13 percent of AOSS is mainly
developed in China.21 This is a notable weakness of China’s AI ecosystem as these backbone
systems enable companies to source top talent, shape technical standard-setting, and attract
more usage of their products.22 It is no surprise that the contributors to the AOSS white paper,
which included Peking University, Baidu, and Huawei, emphasized AOSS as “an area that must
be fought for in seizing global dominance in AI.”23
C. Different Subdomains of AI
The U.S. and China possess comparative advantages in different subdomains of AI. On the one
hand, China has pushed ahead in facial recognition, publishing 900 patents in this subdomain in
2017, with many belonging to unicorn startups such as Sensetime, Megvii (Face++), and
Cloudwalk.24 That same year, less than 150 patents related to facial recognition were filed in the
states.25 In Chinese-language data processing, speech recognition, and knowledge maps,
researchers also found that China’s AI talents are mostly concentrated at universities, constituting 81.3%
of the national total.
19
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Chinese companies benefit from their proximity to the local user base, though Microsoft has
made substantial inroads in the Chinese-language natural language processing (NLP)
industry.26
On the other hand, the U.S. possesses a decisive advantage in many business applications of
AI due to its corporate culture and more standardized data practices. Additionally, American
firms have a sizeable lead in autonomous vehicles, one of the most lucrative markets for AI.27
Finally, the U.S. innovative output in military applications of AI laps the rest of the world.
Between 2003-2015, there were over 700 military patents filed in the U.S. with the terms
“autonomous” or “unmanned” in the patent abstract; the comparable figure in China for that time
period was less than 100.28

China’s AI Policies29
The key, guiding document of China’s AI strategy in both the domestic and international realm is
the State Council’s July 2017 AI Development Plan (AIDP).30 The plan laid out key benchmarks
for China’s AI industry, sent a clear signal that AI was a national-strategic level priority, and
emphasized priority areas where government action could cultivate a favorable environment for
sustainable, technical advances. The plan outlines a three-stage progression toward China’s
ambition of leading the world in AI:
1. By 2020, China’s AI industry will be “in line” with the most advanced countries, with a
core AI industry gross output exceeding RMB 150 billion ($22.5 billion) and AI-related
industry gross output exceeding RMB 1 trillion ($150.8 billion).
2. By 2025, China aims to reach a “world-leading” level in some AI fields, with a core AI
industry gross output exceeding RMB 400 billion ($60.3 billion) and AI-related industry
gross output exceeding RMB 5 trillion ($754.0 billion).
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3. By 2030, China seeks to become the world’s “primary” AI innovation center, with a core
AI industry gross output exceeding RMB 1 trillion ($150.8 billion) and AI-related gross
output exceeding RMB 10 trillion ($1.5 trillion).
In a broad sense, these benchmarks map neatly onto three strategic phases of AI development:
(1) catching up to the most advanced AI powers, (2) becoming one of the world leaders in AI,
and (3) achieving primacy in AI innovation.
Apart from the benchmarks, the bulk of the AIDP text underscores three key features of China’s
approach to AI development.
1. Central guidance, local implementation: The State Council set forth a “wish list” of
theoretical breakthroughs and specific AI applications, prompting many local
governments to establish their own AI plans and AI funds.31 2018 was dubbed "The Year
of Local AI Policy," as 15 of the 31 provincial-level governments in China issued AI plans
in the year following the AIDP. The combined targets for the scale of the AI industry of
these subnational governments nearly tripled the 2020 national-level target.32
2. Focus on standards: The AIDP demonstrated the Chinese government’s desire to play
an active role in the construction of international technical standards for AI.33 In January
2018 a joint effort of more than 30 academic and industry organizations, overseen by the
China Electronic Standardization Institute, produced a “White Paper on Artificial
Intelligence Standardization” to coordinate the development of AI standards. These
efforts are motivated by multiple aims: building reliable AI-enabled systems, promoting
the global competitiveness of Chinese tech companies, and achieving the soft benefits
of setting the rules of the road in a strategic technology area.34
3. Investment in AI talent: China’s “whole-of-society,” long-term approach toward
recruiting and training AI talent is bearing some fruit. The State Council’s AI plan outlines
a two-pronged “gathering” and “training” approach. Under the gathering plank, nationallevel and local-level talent programs attract international AI talents to work in China.
Following the path of other multinationals, China’s tech giants have also set up their own
overseas R&D institutes to recruit foreign talent.35 On the training side, China has made
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long-term investments in enhancing AI as an academic discipline.36 The Chinese
Ministry of Education has approved the creation of an "Intelligent Science and
Technology" major, which more than fifty universities and colleges have adopted. Some
schools, such as Nanjing University, have established their own specialized AI
institutes.37
If past strategic technology plans are any precedent, some aspects of China’s AI strategy will
under-deliver. Since its establishment in 2014, China’s much-touted semiconductor fund has
only spent a fraction of the $150 billion allocation and failed to spur advances at the
technological frontier.38 In robotics and smart manufacturing, local government efforts have
duplicated projects, wasted money, and produced a glut of low-value products.39
One critical question is whether China’s AI ecosystem can produce big breakthroughs in
fundamental AI research — the cornerstone of U.S. structural advantages in this space. With an
eye toward inspiring these fundamental breakthroughs, the Chinese government tacked the
Chinese Academy of Engineering’s “Artificial Intelligence 2.0” proposal onto a list of fifteen other
S&T megaprojects.40 However, previous Chinese science and technology megaprojects have
diverted funds from high-quality labs toward more politically-connected entities.41
Undeniably, the openness of the U.S. technology ecosystem — to new ideas, new people, and
new debates about AI ethics — provides the bedrock for its AI advantage.42 For instance, the
Defense Advanced Research Projects Agency has made a variety of long-term bets in AI
breakthroughs. Past projects, which sparked interest in driverless cars and conversation
assistants, are paying off for the U.S. now. Current projects, which include efforts to design
more efficient AI chips and improve the security of AI programs, will pay off in the years to
come.43
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China’s Industrial Ecosystem in AI
The key players in China’s AI industry can be roughly divided into established technology
giants, who can leverage data from their respective user bases to optimize existing algorithms,
and new startups, who are pushing the leading technological edge. The Ministry of Science and
Technology (MoST) chose a mix of these giants and startups to lead the development of
national AI open innovation platforms as part of a “national team” [国家队]. The team’s members
include: Baidu (autonomous driving), Alibaba (smart cities), Tencent (medical imaging), iFlytek
(intelligent voice), and Sensetime (intelligent vision).44
The “national team” model differs from the traditional “national champion” approach. For one, all
five are hybrid firms, backed by significant foreign capital and largely independent from
government subsidies, that had already established themselves in their respective fields before
being recruited to the national team.45 Second, team members actively intrude on each other’s
turf, as evidenced by the fierce competition over the smart city market. Baidu, Alibaba, Tencent,
and other end customers are actively working to develop their own speech and facial
recognition capabilities so as to reduce reliance on the services of companies like iFlytek and
Sensetime.46
China’s industrial ecosystem in AI is connected to the global economy, and Chinese technology
firms are expanding their AI footprint abroad. One notable case was a March 2018 deal
between CloudWalk Technology Co., a facial recognition startup based in Guangzhou, and the
Zimbabwe government. Framed by The Global Times, an influential Chinese tabloid, as
“marking the entry of China’s AI technology into Africa,” the CloudWalk-Zimbabwe deal raised
questions about China’s export of its surveillance technology and model.47
As China’s industrial ecosystem in AI expands internationally, Chinese planners are concerned
about dependencies in key technologies. In a November 2018 speech before many of China’s
leadership at the 13th National People’s Congress Standing Committee, Dr. Tan Tieniu, Deputy
Secretary-General of the Chinese Academy of Sciences, highlighted the devastating effect of
U.S. sanctions on ZTE as a warning about China’s dependencies on the U.S. in core
technologies. “In order to avoid repeating this disaster, China should learn its lesson about
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importing core electronic components, high-end general-purpose chips, and foundational
software,” Tan stated.48

Policy Recommendations
Given the U.S. structural advantages and current lead in AI, maintaining the status quo is a
defensible policy option to enhance U.S. competitiveness in AI. Techno-industrial policy is a
difficult endeavor, and there is a risk that even the most agreeable policy interventions — say,
investing in S&T education — can backfire. For example, Michael Teitelbaum argues that in the
past when the U.S. expanded its supply of scientists and engineers, the resulting boom in S&T
talent quickly turned into a bust, leaving many without career prospects and deterring younger
scientists from entering the field.49 Notwithstanding this point, the following policy
recommendations could help protect U.S. interests in AI:
●

●

Revive the Office of Technology Assessment (OTA). Any type of AI policy —
increases in R&D investments, protections against vulnerabilities and dependencies in
the supply chain, reforms to the high-skilled immigration process — will require balanced
assessments of where the U.S. and its rivals stand with respect to different layers and
subdomains of AI. From 1972 to 1995, the OTA equipped U.S. lawmakers with crucial
advice and information on topics such as the effect of globalization on the defense
industrial base and the technological capabilities of the Soviet Union and Japan.
Fortunately, some momentum for this proposal exists: in April 2019 U.S. House
Representatives Sean Casten and Mark Takano appealed to the House Legislative
Branch Appropriations Subcommittee to revive the OTA, and both right and left-leaning
think tanks have supported the proposal.50
Build Bridges across the “Valley of Death” in the AI domain. Much of current U.S.
policy is focused on scrutinizing how Chinese firms and government-aligned entities are
exploiting the “Valley of Death” — the immense challenge of turning a startup idea or
scientific research into large-scale commercial applications — by investing in promising
AI companies.51 Rather than relying solely on a reactive strategy, the U.S. government
should proactively build bridges across the Valley of Death. One such bridge is a
Department of Defense loan program office (modeled after the one in the Department of
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●

Energy)52 to coordinate with accelerators to fund high-risk, high-reward startups. Another
is built on public-private consortiums to share translational research (e.g. brain collection
and data analysis capabilities) across industrial partners, universities, and hospitals to
improve the drug discovery process for brain disorders.53
Increase attention to the risks of accidents and emergent effects associated with
the deployment of emerging technologies related to AI.54 Maintaining U.S.
supremacy in AI over rivals such as China should not be the only policy goal; the U.S.
should also guard against the risk of losing control over AI technologies. As the software
components of cybersecurity and weapons systems become more complex and develop
faster than existing mechanisms of control, the risks of accidents and latent
vulnerabilities become greater. U.S. agencies should make these concerns a core part
of quadrennial reviews, war games, and periodic intelligence and net assessments.
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