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Generative everything: 

AI has a diversity challenge:

China overtakes the US in AI journal citations:
number of journal publications several years ago, China now also leads in journal citations; 

The majority of the US AI PhD grads are from abroad—and they’re staying in the US:  

Surveillance technologies are fast, cheap, and increasingly ubiquitous: The technologies 

AI ethics lacks benchmarks and consensus: Though a number of groups are producing a range 

that can be used to measure or assess the relationship between broader societal discussions about 

AI has gained the attention of the U.S. Congress: The 116th Congress is the most AI-focused 
congressional session in history with the number of mentions of AI in congressional record more 
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CHAPTER 1:  RESEARCH & DEVELOPMENT 

• �In every major country and region, the highest proportion of peer-reviewed AI papers comes from academic 

CHAPTER 2:  TECHNICAL PERFORMANCE
• �Generative everything: 

• �The industrialization of computer vision: Computer vision has seen immense progress in the past decade, 

Meanwhile, companies are investing increasingly large amounts of computational resources to train 

systems—like object-detection frameworks for analysis of still frames from videos—are maturing rapidly, 

REPORT HIGHLIGHTS
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• �Natural Language Processing (NLP) outruns its evaluation metrics: 

• �New analyses on reasoning: Most measures of technical problems show for each time point the performance 

allow for an evolving benchmark, and for the attribution to individual systems of credit for a share of the overall 

• ��Machine learning is changing the game in healthcare and biology: The landscape of the healthcare and 

CHAPTER 3:  THE ECONOMY
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CHAPTER 6:  DIVERSIT Y IN AI

• �In a membership survey by Queer in AI in 2020, almost half the respondents said they view the lack of 

CHAPTER 7:  AI  POLICY AND NATIONAL STRATEGIES
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Figure 1.1.1b
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To assess how academic-corporate collaborations 

citations received by publications compares with the 
average number of citations received by other similar 
publications in the same year, discipline, and format 

means publications are cited more or less than expected, 

Figure 1.1.6
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Figure 1.1.13
Citation
With respect to citations of AI conference publications, 

dominant lead among the major powers over the past 

Figure 1.1.14
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Figure 1.1.16

ARXIV PUBLICATIONS
In addition to the traditional avenues for 

before submitting them to journals and 
conferences, which greatly accelerates 
the cycle of information discovery and 

publications in this section includes 

Overview
In just six years, the number of AI-related publications on arXiv grew 
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Figure 1.1.19

Among the six fields of 
study related to AI on arXiv, 
the number of publications 
in Robotics (cs.RO) and 
Machine Learning in 
computer science (cs.
LG) have seen the fastest 
growth between 2015 and 
2020, increasing by 11 times 
and 10 times respectively.
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Deep Learning Papers on arXiv
With increased access to data and signi�cant 
improvements in computing power, the �eld 
of deep learning (DL) is growing at breakneck 
speed. Researchers from Nesta used a topic 
modeling algorithm to identify the deep learning 
papers on arXiv by analyzing the abstract of 

arXiv papers under the Computer Science (CS) 
and Machine Learning in Statistics (state.ML) 
categories. Figure 1.1.20 suggests that in the 
last �ve years alone, the overall number of DL 
publications on arXiv grew almost sixfold. 

Figure 1.1.20
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CHAPTER HIGHLIGHTS

• �Generative everything: AI systems can now compose text, audio, and images to a su�ciently high 
standard that humans have a hard time telling the di�erence between synthetic and non-synthetic 
outputs for some constrained applications of the technology. That promises to generate a tremendous 
range of downstream applications of AI for both socially useful and less useful purposes. It is 
also causing researchers to invest in technologies for detecting generative models; the DeepFake 
Detection Challenge data indicates how well computers can distinguish between di�erent outputs. 

• �The industrialization of computer vision: Computer vision has seen immense progress in the past 
decade, primarily due to the use of machine learning techniques (speci�cally deep learning). New 
data shows that computer vision is industrializing: Performance is starting to �atten on some of the 
largest benchmarks, suggesting that the community needs to develop and agree on harder ones 
that further test performance. Meanwhile, companies are investing increasingly large amounts 
of computational resources to train computer vision systems at a faster rate than ever before. 
Meanwhile, technologies for use in deployed systems—like object-detection frameworks for 
analysis of still frames from videos—are maturing rapidly, indicating further AI deployment. 

• �Natural Language Processing (NLP) outruns its evaluation metrics: Rapid progress in NLP has 
yielded AI systems with signi�cantly improved language capabilities that have started to have a 
meaningful economic impact on the world. Google and Microsoft have both deployed the BERT 
language model into their search engines, while other large language models have been developed 
by companies ranging from Microsoft to OpenAI. Progress in NLP has been so swift that technical 
advances have started to outpace the benchmarks to test for them. This can be seen in the rapid 
emergence of systems that obtain human level performance on SuperGLUE, an NLP evaluation suite 
developed in response to earlier NLP progress overshooting the capabilities being assessed by GLUE. 

• �New analyses on reasoning: Most measures of technical problems show for each time point the 
performance of the best system at that time on a �xed benchmark. New analyses developed for 
the AI Index o�er metrics that allow for an evolving benchmark, and for the attribution to individual 
systems of credit for a share of the overall performance of a group of systems over time. These 
are applied to two symbolic reasoning problems, Automated Theorem Proving and Satis�ability of 
Boolean formulas.

• �Machine learning is changing the game in healthcare and biology: The landscape of the healthcare 
and biology industries has evolved substantially with the adoption of machine learning. DeepMind’s 
AlphaFold applied deep learning technique to make a signi�cant breakthrough in the decades-long 
biology challenge of protein folding. Scientists use ML models to learn representations of chemical 
molecules for more e�ective chemical synthesis planning. PostEra, an AI startup used ML-based 
techniques to accelerate COVID-related drug discovery during the pandemic.

CHAPTER
HIGHLIGHTS

CHAPTER 2:
TECHNICAL 
PERFORMANCE



TABLE OF CONTENTS
45CHAPTER 2 PRE VIE W

Introduced in the 1960s, the �eld of computer vision has seen signi�cant 

progress and in recent years has started to reach human levels of 

performance on some restricted visual tasks. Common computer 

vision tasks include object recognition, pose estimation, and semantic 

segmentation. The maturation of computer vision technology has unlocked 

a range of applications: self-driving cars, medical image analysis, consumer 

applications (e.g., Google Photos), security applications (e.g., surveillance, 

satellite imagery analysis), industrial applications (e.g., detecting defective 

parts in manufacturing and assembly), and others. 

COMPUTER
VISION

CHAPTER 2:
TECHNICAL 
PERFORMANCE

Computer Vision
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2.1 COMPUTER 
VISION—IMAGE

CHAPTER 2:
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FID Versus Real Life

via quantitative metrics that use data from the model 

approach is using teams of humans to evaluate the 
outputs of these models; for instance, the Human eYe 

quality by showing synthetically generated images to 
humans and using their qualitative ratings to drive the 

and slower to run than typical evaluations, but it may 

Qualitative Examples: To get a sense of progress, you 
can look at the evolution in the quality of synthetically 

see the best-in-class examples of synthetic images of 

is possible to train machine learning systems to spot 

visceral example of recent progress in this domain and 
underscores the need for new evaluation methods to 

have turned to doing generative modeling on a broader 
range of categories than just images of people’s faces, 

Figure 2.1.7

GAN PROGRESS ON FACE GENERATION

2014 2015 2016
2017

2018

2020
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DEEPFAKE DE TECTION
Advances in image synthesis have created new 

years, researchers have harnessed breakthroughs 
in synthetic imagery to create AI systems that can 
generate synthetic images of human faces, then 
superimpose those faces onto the faces of other people 

of deepfakes include misinformation and the creation 

to combat this, researchers are developing deepfake-

Deepfake Detection Challenge (DFDC)

are scored on log loss

2.1 COMPUTER 
VISION—IMAGE

CHAPTER 2:
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PERFORMANCE

1/6/2020 1/16/2020 1/26/2020 3/16/2020 3/26/2020

0.0

0.3

0.4

0.6

0.7

Lo
g 

Lo
ss

0.19

DEEPFAKE DETECTION CHALLENGE: LOG LOSS
Source: Kaggle, 2020 | Chart: 2021 AI Index Report

Figure 2.1.8

https://www.kaggle.com/c/deepfake-detection-challenge/
https://www.kaggle.com/c/deepfake-detection-challenge/
https://www.kaggle.com/dansbecker/what-is-log-loss




https://cocodataset.org/index.htm#densepose-eval


https://towardsdatascience.com/metrics-to-evaluate-your-semantic-segmentation-model-6bcb99639aa2


TABLE OF CONTENTS
57CHAPTER 2 PRE VIE W

EMBODIED VISION
The performance data so far shows that computer vision 

pose estimation, among others, have now achieved 

is, they can operate on images or videos taken from 
camera systems that are not physically able to interact 

of the continuous improvement in those passive tasks, 
researchers have now started to develop more advanced 
AI systems that can be interactive or embodied—that 
is, systems that can physically interact with and modify 

example, a robot that can visually survey a new building 
and autonomously navigate it, or a robot that can learn 
to assemble pieces by watching visual demonstrations 

Progress in this area is currently driven by the 
development of sophisticated simulation environments, 
where researchers can deploy robots in virtual spaces, 
simulate what their cameras would see and capture, and 
develop AI algorithms for navigation, object search, and 

are  brief highlights of some of the available simulators, 

• �Thor 2017

• �Gibson 2018

• �iGibson 2019
in large realistic scenes mapped from real houses and 

• �AI Habitat 2019
navigation with an emphasis on much faster 
execution, enabling more computationally expensive 

• �ThreeDWorld 2020
photorealistic environments through game engines, 

• �SEAN-EP 2020
environment with simulated virtual humans that 
enables the collection of remote demonstrations from 

• �Robosuite 2020
simulation framework and benchmark for robot 

2.1 COMPUTER 
VISION—IMAGE

CHAPTER 2:
TECHNICAL 
PERFORMANCE

https://ai2thor.allenai.org
http://gibsonenv.stanford.edu
http://svl.stanford.edu/igibson/
https://aihabitat.org/
http://www.threedworld.org/
https://sean.interactive-machines.com/#sean-ep
https://robosuite.ai/
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OB JECT DE TECTION

in deployed object recognition systems is to study the 

You Only Look Once (YOLO)

system for object detection, so its progress has been 

sense of how research percolates into widely used open 

measure the advancement of systems that might not 
have the best absolute performance but are designed 
around real-world needs, like low-latency inference 

not always contain the absolute best performance as 

2.2 COMPUTER 
VISION—VIDEO

CHAPTER 2:
TECHNICAL 
PERFORMANCE

Figure 2.2.3



https://pages.nist.gov/frvt/html/frvt11.html#_overview_


https://super.gluebenchmark.com/
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SQuAD

is a reading-comprehension benchmark that measures 

to a series of questions pertaining to a small article 

performance benchmark by having a group of people 
read Wikipedia articles on a variety of topics and then 

Models are given the same task and are evaluated on 

benchmark revealed increasingly fast performances by 

The objective is to test how well systems can answer 
questions and to determine when systems know that no 
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Figure 2.3.2
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COMMERCIAL MACHINE 
TRANSLATION (MT)

translate text or speech from one language to another, 

ones that use both statistical and deep learning 

Number of Commercially Available MT 
Systems
The trend in the number of commercially available 

machine translation technology and its rapid adoption 

commercially available independent cloud MT systems 

Intento, a startup that evaluates 
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Figure 2.3.3

https://inten.to/?utm_campaign=Inten.to%20Main%20Page%20Registrations&utm_source=Report%20landing%20page


https://arxiv.org/pdf/2005.14165.pdf


TABLE OF CONTENTS
66CHAPTER 2 PRE VIE W

That a single model can achieve state-of-the-art or close 
to state-of-the-art performance in limited-training-data 

designed for a single task, and thus can be evaluated 

anticipate novel benchmarks that are explicitly designed 
to evaluate zero- to few-shot learning performance 

committed to tracking performance in this new context 

shortcomings, many of which are outlined in the original 

and “steering” such outputs to better align with human 

to train, which means that only a limited number of 
organizations with abundant resources can currently 

has an unusually large number of uses, from chatbots 

likely to discover more applications, both good and bad, 

uses is ongoing at several universities and industrial 

to work by  and the proceedings 
from a recent Stanford Institute for Human-Centered 

2.3 LANGUAGE
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That a single model can 
achieve state-of-the-
art or close to state-of-
the-art performance in 
limited-training-data 
regimes is impressive. 
Most models until now 
have been designed for a 
single task, and thus can 
be evaluated effectively 
by a single metric.

https://faculty.washington.edu/ebender/papers/Stochastic_Parrots.pdf
https://arxiv.org/abs/2102.02503
https://arxiv.org/abs/2102.02503
https://arxiv.org/abs/2102.02503


https://visualqa.org/


https://visualcommonsense.com/


https://www.robots.ox.ac.uk/~vgg/data/voxceleb/




https://www.pnas.org/content/117/14/7684
https://www.pnas.org/content/117/14/7684
https://www.pnas.org/content/117/14/7684
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This section measures progress on symbolic (or logical) reasoning in AI, which is the process of drawing conclusions from 
sets of assumptions. We consider two major reasoning problems, Boolean Satis�ability (SAT) and Automated Theorem 
Proving (ATP). Each has real-world applications (e.g., circuit design, scheduling, software veri�cation, etc.) and poses 
signi�cant measurement challenges. The SAT analysis shows how to assign credit for the overall improvement in the �eld to 
individual systems over time. The ATP analysis shows how to measure performance given an evolving test set.  

All analyses below are original to this report. Lars Kottho� wrote the text and performed the analysis for the SAT section. 
Geo� Sutcli�e, Christian Suttner, and Raymond Perrault wrote the text and performed the analysis for the ATP section. This 
work had not been published at the time of writing; consequently, a more academically rigorous version of this section (with 
references, more precise details, and further context) is included in the Appendix.  

BOOLEAN SATISFIABILITY PROBLEM

The SAT problem considers whether there is an 

by logical connectives, that makes the logical formula it 

design, automated theorem proving, and scheduling, can 

The performance of the top-, median-, and bottom-ranked 

SAT Competition, which has been 
running for almost 20 years, to measure a snapshot of 

were run on all 400 SAT instances from the main track of 

 Critically, each solver 
was run on the same hardware, such that comparisons 
across years would not be confounded by improvements 

While performance of the best solvers from 2016 to 

in all previous years, and the performance of the median-
ranked solver in 2020 is almost on par with the top-ranked 

Performance improvements in SAT—and more generally, 
hard computational AI problems—come primarily 

performance improvements arise primarily from novel 

this problem, the temporal Shapley value, which is the 
contribution of an individual system to state-of-the-art 

are highest because there is no previous state-of-the-art 
to compare them with in our evaluation and that their 

2.6 REASONING
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http://www.satcompetition.org/
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According to the temporal Shapley value, in 2020 the best 

has the highest temporal Shapley value of any solvers 

compared with those of previous solvers, are almost 

Kissat thus impressively demonstrates the impact of 

main novelty is to analyze the structure of a SAT instance 

were outperformed by versions of the Maple solver, 
which nevertheless contributes less to the state of the 

while not necessarily exciting, are important for good 

made equally important contributions to the state 

of established solvers are as likely to result in top 
performance as more substantial improvements of 

AUTOMATED THEOREM PROVING 
(ATP)

Raymond Perrault

development and use of systems that automate sound 
reasoning, or the derivation of conclusions that follow 

TPTP problem library was used to 

2020 and to measure the fraction of problems solved by 

there was rapid initial progress as systems developed 

has continued but slowed, with no indication of rapid 

2.6 REASONING
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http://www.tptp.org/
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While this analysis demonstrates progress in ATP, there 

axioms, only some of which are needed for a proof of 
the conjecture, how to select an adequate subset of 

been at the forefront of ATP research since its inception 

important as large bodies of knowledge are encoded 

of machine learning approaches to addressing these 

Competition

2.6 REASONING
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Figure 2.6.3

http://www.tptp.org/CASC
http://www.tptp.org/CASC
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2.7 HEALTHCARE AND BIOLOGY
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In collaboration with the “State of AI Report”

MOLECULAR SYNTHESIS

to determine what potential drugs are worth evaluating in 

A way to approach chemical synthesis planning is to 
represent chemical reactions with a text notation and 

work in 2020 approached model forward prediction and 
retrosynthesis as a sequence of graph edits, where the 

sweep through a list of candidate drug-like molecules in 
silico and output synthesizability scores and synthesis 

candidates for empirical validation and could ultimately 
let the pharmaceutical industry mine the vast chemical 

Test Set Accuracy for Forward Chemical 
Synthesis Planning 

benchmarked on a freely available dataset of one million 
6 Top-1 accuracy means that 

the product predicted by the model with the highest 
likelihood corresponds to the one that was reported 

chemical synthesis planning has seen steady growth in 

2.7 HEALTHCARE 
AND BIOLOGY

CHAPTER 2:
TECHNICAL 
PERFORMANCE

Figure 2.7.1

https://www.stateof.ai/


https://covid.postera.ai/covid
https://postera.ai/
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CASP: MEDIAN ACCURACY of PREDICTIONS in FREE-MODELING by THE BEST TEAM, 2006-20
Source: DeepMind, 2020 | Chart: 2021 AI Index Report

ALPHAFOLD AND PROTEIN FOLDING
The protein folding problem, a grand challenge in 
structural biology, considers how to determine the three-

can have wide ranging applications—from better 
understanding the cellular basis of life, to fueling drug 
discovery, to curing diseases, to engineering de-novo 

In recent years, machine learning-based approaches 

competition to foster and measure progress on protein 

sequences and tasked to predict the three-dimensional 
structures of the corresponding proteins, the latter of 

which are determined through laborious and expensive 

spectroscopy, X-ray crystallography, cryo-electron 

Performance on CASP is commonly measured by the 

and 100, which measures the similarity between two 

, 

based on physics based models; however, in the last two 

algorithms achieved winning scores through the partial 

Figure 2.7.3

https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
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CHAPTER 3: 
The Economy

Arti�cial Intelligence
Index Report 2021



https://drive.google.com/drive/folders/1LUBMFoGssJN3sgtUTKf9IyfM447AM3Ik?usp=sharing
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0.1% Visual Image Recognition
0.1% Robotics

0.1% Neural Networks

0.1% Natural Language Processing

0.5% Machine Learning

0.1% Autonomous Driving

0.3% Arti�cial Intelligence

AI JOB POSTINGS (% of ALL JOB POSTINGS) in the UNITED STATES by SKILL CLUSTER, 2013-20
Source: Burning Glass, 2020 | Chart: 2021 AI Index Report

Figure 3.1.4

U.S. AI Labor Demand: By Skill Cluster 

demand during that period year by year according to skill 

skills; for example, the neural network skill cluster includes 

The Economy chapter appendix provides a complete list of 

in the share of AI jobs among overall job postings across all 

Between 2013 and 
2020, AI jobs related to 
machine learning and 
artificial intelligence 
experienced the fastest 
growth in online AI job 
postings in the United 
States, increasing from 
0.1% of total jobs to 
0.5% and 0.03% to 0.3%, 
respectively.
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U.S. Labor Demand: By State

companies seeking employees with machine learning, data 

2020, plotting the share of AI job postings across all job 
postings on the y-axis and the total number of AI jobs 

California remains the state with the highest number of AI 

also has more AI job postings than the next three states 

CHAPTER 3:
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Figure 3.1.7











https://www.ida.org/-/media/feature/publications/a/ab/a-brief-examination-of-chinese-government-expenditures-on-artificial-intelligence-r-and-d/d-12068.ashx
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Focus Area Analysis

that receive the greatest amount of private investment 
in 2020 as well as their respective investment amount 

increase in the amount of private AI investment from 

the  and South Korea, while the latter is 
boosted by investments in an online education platform 
in China

3.2 INVESTMENT

Figure 3.2.6

https://techcrunch.com/2020/05/22/statespace-the-platform-that-trains-gamers-raises-15-million/
https://www.sportbusiness.com/news/kakao-vx-raises-money-for-virtual-golf-business/
https://www.prnewswire.com/news-releases/yuanfudao-raises-us2-2-billion-in-new-financing-valuing-the-company-at-us15-5-billion-becoming-the-most-valued-ed-tech-company-worldwide-301157837.html
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This section reviews how corporations have capitalized on the advances in AI, using AI and automation to their advantage 
and generating value at scale. While the number of corporations starting to deploy AI technologies has surged in recent 
years, the economic turmoil and impact of COVID-19 in 2020 have slowed that rate of adoption. The latest trends in 
corporate AI activities are examined through data on the adoption of AI capabilities by McKinsey’s Global Survey on 
AI, trends in robot installations across the globe by the International Federation of Robotics (IFR), and mentions of AI in 
corporate earnings calls by Prattle. 

CHAPTER 3:
THE ECONOMY

INDUSTRY ADOPTION
This section shares the results of a McKinsey & Company 

companies from a range of regions, industries, sizes, 

McKinsey & Company’s “The State of AI in 2020” 
report contains the full results of this survey, including 

across functions, core best practices shared among the 
companies that are generating the greatest value from 

Global Adoption of AI
The 2020 survey results suggest no increase in AI 

say that their organizations have adopted AI in at least 

respondents said their companies adopted AI in at least 

countries are much less likely to report adopting AI in at 

3.3 CORPORATE ACTIVITY

3.3 CORPORATE 
ACTIVIT Y
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Figure 3.3.1

https://www.mckinsey.com/Business-Functions/McKinsey-Analytics/Our-Insights/Global-survey-The-state-of-AI-in-2020
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The E�ect of COVID-19

pharma as well as automotive and assembly were the 
most likely to report that their companies had increased 

Despite the economic 
downturn caused by 
the pandemic, half of 
respondents said the 
pandemic had no effect 
on their investment in 
AI, while 27% actually 
reported increasing 
their investment.
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INDUSTRIAL ROBOT INSTALLATIONS
Right now, AI is being deployed widely onto consumer 
devices like smartphones and personal vehicles 

6 That may change as 

possible to measure global sales of industrial robots 
to draw conclusions about the amount of AI-ready 

growth opportunities for the robotics industry in the 

Global Trend

 It is 
important to note that these metrics are a measurement 
of installed infrastructure that is susceptible to adopting 
new AI technologies and does not indicate whether every 
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http://www.nber.org/papers/w28290
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EARNINGS CALLS

of mentions of AI in earning calls was two times higher than mentions of big data, cloud, and machine learning combined, 

Figure 3.3.10

Figure 3.3.11
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Overview

OVERVIEW

As AI has become a more signi�cant driver of economic activity, there has been 

increased interest from people who want to understand it and gain the necessary 

quali�cations to work in the �eld. At the same time, rising AI demands from 

industry are tempting more professors to leave academia for the private sector. 

This chapter focuses on trends in the skills and training of AI talent through various 

education platforms and institutions. 

What follows is an examination of data from an AI Index survey on the state of AI 

education in higher education institutions, along with a discussion on computer 

science (CS) undergraduate graduates and PhD graduates who specialized in 

AI-related disciplines, based on the annual Computing Research Association 

(CRA) Taulbee Survey. The �nal section explores trends in AI education in Europe, 

drawing on statistics from the Joint Research Centre (JRC) at the European 

Commission. 

CHAPTER 4:
AI  EDUCATION
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CHAPTER HIGHLIGHTS

• �An AI Index survey conducted in 2020 suggests that the world’s top universities have 
increased their investment in AI education over the past four years. The number of courses 
that teach students the skills necessary to build or deploy a practical AI model on the 
undergraduate and graduate levels has increased by 102.9% and 41.7%, respectively, in the 
last four academic years.

• �More AI PhD graduates in North America chose to work in industry in the past 10 years, 
while fewer opted for jobs in academia, according to an annual survey from the Computing 
Research Association (CRA). The share of new AI PhDs who chose industry jobs increased by 
48% in the past decade, from 44.4% in 2010 to 65.7% in 2019. By contrast, the share of new AI 
PhDs entering academia dropped by 44%, from 42.1% in 2010 to 23.7% in 2019.

• �In the last 10 years, AI-related PhDs have gone from 14.2% of the total of CS PhDs granted in 
the United States, to around 23% as of 2019, according to the CRA survey. At the same time, 
other previously popular CS PhDs have declined in popularity, including networking, software 
engineering, and programming languages. Compilers all saw a reduction in PhDs granted 
relative to 2010, while AI and Robotics/Vision specializations saw a substantial increase.

• �After a two-year increase, the number of AI faculty departures from universities to industry 
jobs in North America dropped from 42 in 2018 to 33 in 2019 (28 of these are tenured faculty 
and �ve are untenured). Carnegie Mellon University had the largest number of AI faculty 
departures between 2004 and 2019 (16), followed by the Georgia Institute of Technology (14) 
and University of Washington (12).

• �The percentage of international students among new AI PhDs in North America continued to 
rise in 2019, to 64.3%—a 4.3% increase from 2018. Among foreign graduates, 81.8% stayed in 
the United States and 8.6% have taken jobs outside the United States.  

• �In the European Union, the vast majority of specialized AI academic o�erings are taught at 
the master’s level; robotics and automation is by far the most frequently taught course in the 
specialized bachelor’s and master’s programs, while machine learning (ML) dominates in the 
specialized short courses.
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https://www.timeshighereducation.com/world-university-rankings/2021/world-ranking#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/stats
https://www.timeshighereducation.com/world-university-rankings/2021/world-ranking#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/stats
https://www.timeshighereducation.com/world-university-rankings/2020/emerging-economies-university-rankings
https://drive.google.com/file/d/11w_XMEdC_KkbRQqE-ThrfHunw8EDYsaR/view?usp=sharing
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academic years, while such enrollment 

dip in growth in the last academic 

universities cited students taking leaves 
during the pandemic as the main cause 
of the drop; others mentioned structural 

year—that may have driven students away 
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Figure 4.1.3
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NEW CS PHDS WITH AI/ML AND ROBOTICS/ VISION SPECIALTIES
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4.2 AI  AND CS DEGREE 
GRADUATES IN NORTH 
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Figure 4.2.6

NEW INTERNATIONAL 
AI  PHDS
The percentage of international students 

In comparison, among all international 
student graduates with known specialties, 
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This section presents research from the Joint Research Center at the European Commission that assessed the academic o�erings 
of advanced digital skills in 27 European Union member states as well as six other countries: the United Kingdom, Norway, 
Switzerland, Canada, the United States, and Australia. This was the second such study,7 and the 2020 version addressed four 
technological domains: arti�cial intelligence (AI), high performance computing (HPC), cybersecurity (CS), and data science (DS), 
applying text-mining and machine-learning techniques to extract content related to study programs addressing the speci�c 
domains. See the reports “Academic O�er of Advanced Digital Skills in 2019–20. International Comparison” and “Estimation of 
Supply and Demand of Tertiary Education Places in Advanced Digital Pro�les in the EU,” for more detail. 
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AI OFFERINGS IN EU27 
The study revealed a total number of 1,032 AI programs 

the master’s level, which leads to a degree that equips 

the most specialized AI programs, followed by the 

4.3 AI EDUCATION IN THE 
EUROPEAN UNION AND BEYOND
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https://ec.europa.eu/jrc/en/publication/academic-offer-advanced-digital-skills-2019-20-international-comparison
https://ec.europa.eu/jrc/en/publication/estimation-supply-and-demand-tertiary-education-places-advanced-digital-profiles-eu
https://ec.europa.eu/jrc/en/publication/estimation-supply-and-demand-tertiary-education-places-advanced-digital-profiles-eu
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Figure 4.3.3

INTERNATIONAL COMPARISON

member states with other countries in Europe, including 

programs specialized in AI than any other geographic 

The United States appears 
to have offered more 
programs specialized 
in AI than any other 
geographic area although 
EU27 comes in a close 
second in terms of the 
number of AI-specialized 
master’s programs.



https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3449440
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3449440
http://www.aibraindrain.org/
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CHAPTER 4:
AI  EDUCATION HIGHLIGHT

AI Brain Drain and Faculty Departure (continued)
and master’s students, and the negative impact 
intensi�es when the AI professors who leave are 
replaced by faculty from lower-ranked schools 
or untenured AI professors.

With the updated data of 2019 from Gofman 
and Jin, Figure 4.4.1 shows that after a two-
year increase, the total number of AI faculty 
departures from universities in North America 

to industry dropped from 42 in 2018 to 33 in 
2019 (28 of these are tenured faculty and 5 are 
untenured). Between 2004 and 2019, Carnegie 
Mellon University had the largest number of 
AI faculty departures in 2019 (16), followed by 
the Georgia Institute of Technology (14) and 
University of Washington (12), as shown in 
Figure 4.4.2.

AI EDUCATION

Figure 4.4.2
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https://aiethicslab.com/big-picture/
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Researchers are writing more papers that focus directly 
on the ethics of AI, with submissions in this area more 

searched ethics-related terms in the titles of papers in 

increase in the number of papers with ethics-related 

number of keyword matches throughout all publications 

mentions in the previous chart, the average number of 
paper titles matching ethics-related keywords at major AI 

in 2020, the topic of ethics was more tightly integrated 

one of the biggest AI research conferences in the 

which led to a deeper integration of ethical concerns 

recent proliferation of conferences and workshops 

Conference by the Association for the Advancement of 

Accountability, and Transparency by the Association for 

5.3 ETHICS AT AI CONFERENCES

CHAPTER 5:
E THICAL CHALLENGES 
OF AI  APPLICATIONS

5.3 E THICS AT 
AI  CONFERENCES

There has been a 
significant increase 
in the number of 
papers with ethics-
related keywords in 
titles submitted to 
AI conferences since 
2015. Further analysis 
shows the average 
number of keyword 
matches throughout 
all publications among 
the six major AI 
conferences. 

https://arxiv.org/abs/1809.08328
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CHAPTER HIGHLIGHTS

• �The percentages of female AI PhD graduates and tenure-track computer science 
(CS) faculty have remained low for more than a decade. Female graduates of AI PhD 
programs in North America have accounted for less than 18% of all PhD graduates on 
average, according to an annual survey from the Computing Research Association 
(CRA). An AI Index survey suggests that female faculty make up just 16% of all tenure-
track CS faculty at several universities around the world.

• �The CRA survey suggests that in 2019, among new U.S. resident AI PhD graduates, 
45% were white, while 22.4% were Asian, 3.2% were Hispanic, and 2.4% were African 
American. 

• �The percentage of white (non-Hispanic) new computing PhDs has changed little 
over the last 10 years, accounting for 62.7% on average. The share of Black or 
African American (non-Hispanic) and Hispanic computing PhDs in the same period is 
signi�cantly lower, with an average of 3.1% and 3.3%, respectively.

• �The participation in Black in AI workshops, which are co-located with the Conference 
on Neural Information Processing Systems (NeurIPS), has grown signi�cantly in recent 
years. The numbers of attendees and submitted papers in 2019 are 2.6 times higher than 
in 2017, while the number of accepted papers is 2.1 times higher.

• �In a membership survey by Queer in AI in 2020, almost half the respondents said they 
view the lack of inclusiveness in the �eld as an obstacle they have faced in becoming 
a queer practitioner in the AI/ML �eld. More than 40% of members surveyed said they 
have experienced discrimination or harassment as a queer person at work or school. 

CHAPTER
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https://wimlworkshop.org/
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Demographics Breakdown 
The following geographic, professional position, and 
gender breakdowns are based only on participants at 

having the information aggregated and who spent at 
least 10 minutes on the virtual platform through which 

students—make up more than half the participants 

6.1 GENDER  
DIVERSIT Y IN AI

CHAPTER 6:
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89.5%
Woman and/or nonbinary

10.4%
Man

PARTICIPANTS of WIML WORKSHOP at NEURIPS 
(% of TOTAL) by GENDER, 2020
Source: Women in Machine Learning, 2020 | Chart: 2021 AI Index Report

89.5%
Woman and/or nonbinary

10.4%
Man

PARTICIPANTS of WIML WORKSHOP at NEURIPS 
(% of TOTAL) by GENDER, 2020
Source: Women in Machine Learning, 2020 | Chart: 2021 AI Index Report

Figure 6.1.5

Among the 
participants, 89.5% 
were women and/
or nonbinary, 10.4% 
were men, and a large 
majority were from 
North America. Further, 
students—including 
PhD, master’s, and 
undergraduate 
students—make up 
more than half the 
participants (54.6%). 
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Figure 6.1.6
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The CRA survey 
indicates that the 
percentage of white 
(non-Hispanic) new 
PhDs has changed little 
over the last 10 years, 
accounting for 62.7% 
on average.

Figure 6.2.2
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that completed the question pertaining 
to the racial makeup of their faculty, 

representation among tenure-track faculty 

BLACK IN AI

and Rediet Abebe, is a multi-institutional and 
transcontinental initiative that aims to increase the 

has around 3,000 community members and allies, has 
held more than 10 workshops at major AI conferences, 

4 The 
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Figure 6.2.3

Figure 6.2.4

https://blackinai2020.vercel.app/
https://docs.google.com/presentation/d/1wzh9uggU_pW7X0XJ2bVPonimAprbAwNtFTvsq5hy2w8/edit#slide=id.g25f6af9dd6_0_0
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QUEER IN AI
This section presents data from a membership survey 
by Queer in AI  an organization that aims to make 

scientists through meetups, poster sessions, mentoring, 

Demographics Breakdown 
According to the 2020 survey, with around 100 responses, 

and cis female, respectively, followed by gender queer, 

surveys show that students make up the majority of QAI 
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https://sites.google.com/view/queer-in-ai/home?authuser=0




TABLE OF CONTENTS
149CHAPTER 6 PRE VIE W

Experience as Queer Practitioners 
QAI also surveyed its members on their experiences 

the lack of community contributes to the same 

have experienced discrimination or harassment 
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Lack of Role Models
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Lack of Inclusiveness

Lack of Work/School Support

Economic Hardship Now

Harrassment/Discrimination

QAI MEMBERSHIP SURVEY: WHAT ARE OBSTACLES YOU HAVE FACED in BECOMING a QUEER AI/ML
PRACTITIONER, 2020
Source: Queer in AI, 2020 | Chart: 2021 AI Index Report

Figure 6.3.4
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Among surveyed QAI 
members, 81.4% regard 
the lack of role models 
as being a major obstacle 
for their careers, and 
70.9% think the lack of 
community contributes to 
the same phenomenon.







https://drive.google.com/drive/folders/1B1bY5jgmloqRBTILkNg7Y2uw-77_004C?usp=sharing
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Published Strategies
2017

Canada
• �AI Strategy: Pan Canadian AI Strategy
• �Responsible Organization: Canadian Institute for 

• �Highlights: The Canadian strategy emphasizes 
developing Canada’s future AI workforce, supporting major 

the country as a thought leader in the economic, ethical, 

• �Funding (December 2020 conversion rate):

• 
annual report
implementing its national strategy, which highlighted 
substantial growth in Canada’s AI ecosystem, as well 
as research and activities related to healthcare and AI’s 

China
• �AI Strategy: 

• �Responsible Organization
Republic of China

• �Highlights: China’s AI strategy is one of the most 

education and skills acquisition, as well as ethical norms 

targets, including bringing the AI industry in line with 

• �Funding:
• �Recent Updates: China established

a multi-stakeholder coalition consisting of academic 
institutions and private-sector players such as Tencent 

Japan
• �AI Strategy: 
• �Responsible Organization: Strategic Council for AI 

Technology
• �Highlights: The strategy lays out three discrete phases of 

of data and AI in related service industries, the second 
on the public use of AI and the expansion of service 
industries, and the third on creating an overarching 

• �Funding: 
• �Recent Updates:

Strategy Promotion Council launched another AI strategy, 
aimed at taking the next step forward in overcoming 
issues faced by Japan and making use of the country’s 

Others
Finland: 
United Arab Emirates: 
Intelligence

7.1  NATIONAL 
AND REGIONAL 
AI  STRATEGIES
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https://cifar.ca/ai/
https://cifar.ca/wp-content/uploads/2020/11/AICan-2020-CIFAR-Pan-Canadian-AI-Strategy-Impact-Report.pdf
https://na-production.s3.amazonaws.com/documents/translation-fulltext-8.1.17.pdf
https://na-production.s3.amazonaws.com/documents/translation-fulltext-8.1.17.pdf
http://www.china.org.cn/china/2019-02/22/content_74493744.htm
https://ai-japan.s3-ap-northeast-1.amazonaws.com/7116/0377/5269/Artificial_Intelligence_Technology_StrategyMarch2017.pdf
https://www.kantei.go.jp/jp/singi/ai_senryaku/pdf/aistratagy2019en.pdf
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/160391/TEMrap_47_2017_verkkojulkaisu.pdf
https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-strategies-and-plans/uae-strategy-for-artificial-intelligence
https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-strategies-and-plans/uae-strategy-for-artificial-intelligence
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Published Strategies
2018

European Union 
• �AI Strategy: 
• �Responsible Organization: European Commission 
• �Highlights: This strategy document outlines the 

of public-private partnerships, creating European data 

• �Funding (December 2020 conversation rate)

of the strategy
• �Recent updates:

updated version in 

France
• �AI Strategy: 

Intelligence
• �Responsible Organizations: Ministry for Higher 

Education, Research and Innovation; Ministry of Economy 

and Communication System 
• �Highlights: The main themes include developing 

an aggressive data policy for big data; targeting four 
strategic sectors, namely health care, environment, 

research and development; planning for the impact of AI 
on the workforce; and ensuring inclusivity and diversity 

• �Funding (December 2020 conversion rate):

• �Recent Updates:

central role in coordinating the national AI strategy and 

Germany
• �AI Strategy: AI Made in Germany
• �Responsible Organizations:

• �Highlights: The focus of the strategy is on cementing 
Germany as a research powerhouse and strengthening 

on the public interest and working to better the lives of 

• �Funding (December 2020 conversion rate): 

• �Recent Updates: 
published an interim progress report on the Germany AI 
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AI  STRATEGIES

CHAPTER 7:
AI  POLICY AND  
NATIONAL STRATEGIES

https://ec.europa.eu/knowledge4policy/publication/coordinated-plan-artificial-intelligence-com2018-795-final_en#:~:text=This%20plan%20proposes%20joint%20actions,fostering%20talent%20and%20ensuring%20trust.
https://ec.europa.eu/futurium/en/ai-alliance-consultation/guidelines#Top
https://www.aiforhumanity.fr/en/
https://www.aiforhumanity.fr/en/
https://www.ki-strategie-deutschland.de/home.html?file=files/downloads/Nationale_KI-Strategie_engl.pdf


https://niti.gov.in/national-strategy-artificial-intelligence
https://niti.gov.in/national-strategy-artificial-intelligence
https://36dc704c-0d61-4da0-87fa-917581cbce16.filesusr.com/ugd/7be025_85f5cec6ea584d8a842d11ad401c0685.pdf
https://www.gov.uk/government/publications/artificial-intelligence-sector-deal/ai-sector-deal
https://www.gov.uk/government/publications/artificial-intelligence-sector-deal/ai-sector-deal
https://publications.parliament.uk/pa/ld201719/ldselect/ldai/100/100.pdf
https://techcrunch.com/2020/11/19/uk-to-invest-in-ai-and-cyber-as-part-of-major-defense-spending-hike/?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAAIx4JatDuyEDHYgBB8AfMLeKzlL3Bz2ZnR536RVd-YFlwHgYs9bbSiKmLQq0DcA5nFGUz0oCcUg32K-EQ4VG81RaZsAPnF9URgL3_4QyjjRjpKfZVlfNUzBIeFg3NPy2jf-GcM-JuEmNS5UXMIQCsMKNSwMSC9kcUzf-_8ogVV0Q
https://www.government.se/4a7451/contentassets/fe2ba005fb49433587574c513a837fac/national-approach-to-artificial-intelligence.pdf
https://ai.taiwan.gov.tw/


https://f98cc689-5814-47ec-86b3-db505a7c3978.filesusr.com/ugd/7df26f_27a618cb80a648c38be427194affa2f3.pdf
https://f98cc689-5814-47ec-86b3-db505a7c3978.filesusr.com/ugd/7df26f_486454c9f32340b28206e140350159cf.pdf
http://www.kremlin.ru/acts/bank/44731
http://www.kremlin.ru/acts/bank/44731
http://en.kremlin.ru/events/president/news/64545
http://en.kremlin.ru/events/president/news/64545
https://www.smartnation.gov.sg/why-Smart-Nation/NationalAIStrategy


https://trumpwhitehouse.archives.gov/ai/ai-american-innovation/
https://trumpwhitehouse.archives.gov/wp-content/uploads/2020/02/American-AI-Initiative-One-Year-Annual-Report.pdf
https://www.whitehouse.gov/wp-content/uploads/2020/11/M-21-06.pdf
https://www.korea.kr/news/pressReleaseView.do?newsId=156366736
https://colaboracion.dnp.gov.co/CDT/Conpes/Econ%C3%B3micos/3975.pdf
https://colaboracion.dnp.gov.co/CDT/Conpes/Econ%C3%B3micos/3975.pdf
https://www.mpo.cz/assets/en/guidepost/for-the-media/press-releases/2019/5/NAIS_eng_web.pdf
https://www.mpo.cz/assets/en/guidepost/for-the-media/press-releases/2019/5/NAIS_eng_web.pdf
http://kurklt.lt/wp-content/uploads/2018/09/StrategyIndesignpdf.pdf
http://kurklt.lt/wp-content/uploads/2018/09/StrategyIndesignpdf.pdf
https://gouvernement.lu/en/publications/rapport-etude-analyse/minist-digitalisation/artificial-intelligence/artificial-intelligence.html
https://gouvernement.lu/en/publications/rapport-etude-analyse/minist-digitalisation/artificial-intelligence/artificial-intelligence.html
https://malta.ai/wp-content/uploads/2019/11/Malta_The_Ultimate_AI_Launchpad_vFinal.pdf
https://www.government.nl/binaries/government/documents/reports/2019/10/09/strategic-action-plan-for-artificial-intelligence/Strategic+Action+Plan+for+Artificial+Intelligence.pdf
https://www.government.nl/binaries/government/documents/reports/2019/10/09/strategic-action-plan-for-artificial-intelligence/Strategic+Action+Plan+for+Artificial+Intelligence.pdf
https://www.incode2030.gov.pt/sites/default/files/julho_incode_brochura.pdf
https://www.motc.gov.qa/sites/default/files/national_ai_strategy_-_english_0.pdf
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Published Strategies
2020

Indonesia
• �AI Strategy: 

• �Responsible Organizations: Ministry of Research 

• �Strategy Highlights: The Indonesian strategy aims 
to guide the country in developing AI between 2020 

services, food security, mobility, smart cities, and public 

• �Funding: 
• �Recent Updates:

Saudi Arabia
• �AI Strategy: 
• �Responsible Organization:

• �Highlights:
economy away from oil and boost the private sector, the 

and local investment, and create an environment that 

• �Funding:
• �Recent Updates: 

Saudi government released its strategy, the country’s 

collaboration agreements with China’s Huawei and 
Alibaba Cloud to design AI-related Arabic-language 

Others
Hungary: 
Norway: 
Serbia: 
Intelligence in the Republic of Serbia for the Period 

Spain: 
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https://ai-innovation.id/strategi
https://ai-innovation.id/strategi
https://ai.sa/Brochure_NSDAI_Summit%20version_EN.pdf
https://ai-hungary.com/api/v1/companies/15/files/138309/view
https://www.regjeringen.no/en/dokumenter/nasjonal-strategi-for-kunstig-intelligens/id2685594/?ch=6#:~:text=The%20Government%20wants%20Norway%20to,AI%20in%20the%20business%20sector.
https://www.srbija.gov.rs/extfile/sr/437310/strategy_artificial_intelligence-condensed261219_2.docx
https://www.srbija.gov.rs/extfile/sr/437310/strategy_artificial_intelligence-condensed261219_2.docx
https://www.srbija.gov.rs/extfile/sr/437310/strategy_artificial_intelligence-condensed261219_2.docx
https://www.lamoncloa.gob.es/presidente/actividades/Documents/2020/021220-ENIA.pdf
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Strategies in Development
 (AS OF DECEMBER 2020)

Strategies in Public Consultation

Brazil

• �Responsible Organization: Ministry of Science, 

• �Highlights: 

relevant topics bearing on AI, including its impact on the 
economy, ethics, development, education, and jobs, and 

• �Funding: 
• �Recent Updates: 

research facility dedicated to AI was launched in 

Italy
Proposal for an Italian Strategy for 

• �Responsible Organization: Ministry of Economic 

• �Highlights: This document provides the proposed 
strategy for the sustainable development of AI, aimed 

improving AI-based skills and competencies, fostering AI 
research, establishing a regulatory and ethical framework 
to ensure a sustainable ecosystem for AI, and developing 

• �Funding (December 2020 conversion rate):

matching funds from the private sector, bringing the total 

• �Recent Updates: 

Others
Cyprus: 
Ireland: 
Poland: 
Poland
Uruguay: 
Government
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http://participa.br/estrategia-brasileira-de-inteligencia-artificial/estrategia-brasileira-de-inteligencia-artificial-aplicacao-nos-setores-produtivos
https://www.mise.gov.it/images/stories/documenti/Proposte_per_una_Strategia_italiana_AI.pdf
https://www.mise.gov.it/images/stories/documenti/Proposte_per_una_Strategia_italiana_AI.pdf
https://knowledge4policy.ec.europa.eu/sites/default/files/cyprus_ai_strategy.pdf
https://enterprise.gov.ie/en/Consultations/Public-Consultation-Development-of-a-National-Strategy-on-Artificial-Intelligence.html
https://www.gov.pl/attachment/a8ea194c-d0ce-404e-a9ca-e007e9fbc93e
https://www.gov.pl/attachment/a8ea194c-d0ce-404e-a9ca-e007e9fbc93e
https://www.gub.uy/participacionciudadana/consultapublica
https://www.gub.uy/participacionciudadana/consultapublica
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Strategies Announced

Argentina
• �Related Document: 
• �Responsible Organization: Ministry of Science, 

• �Status: Argentina’s AI plan is a part of the Argentine 

intended to cover the decade between 2020 and 2030, 
and reports indicate that it has the potential to reap huge 

Australia
• �Related Documents:  

An AI Action Plan for all Australians
• �Responsible Organizations: 

and the Australian government
• �Status: The Australian government published a road 

plan in 2020 as frameworks to develop a national 

years to strengthen the country’s capabilities in AI and 
 published a 

and launched a public consultation, which is expected to 

Turkey
• �Related Document: 
• �Responsible Organizations: Presidency of the Republic 

Research Council of Turkey; Science, Technology and 
Innovation Policies Council

• �Status: The strategy has been announced but not yet 

Others
Austria:   

Bulgaria: 

Chile: 
Israel: 
Kenya:  

Latvia: 
Solutions
Malaysia:  

New Zealand: 

Sri Lanka: 

Switzerland: 
Tunisia: 

Ukraine: 

Vietnam:  
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https://data61.csiro.au/en/Our-Research/Our-Work/AI-Roadmap
https://consult.industry.gov.au/digital-economy/ai-action-plan/supporting_documents/AIDiscussionPaper.pdf
https://consult.industry.gov.au/strategic-policy/artificial-intelligence-ethics-framework/supporting_documents/ArtificialIntelligenceethicsframeworkdiscussionpaper.pdf
https://www.bmk.gv.at/dam/jcr:8acef058-7167-4335-880e-9fa341b723c8/aimat_ua.pdf
http://libreresearchgroup.org/p/1/3/139-2020-09-17-libre-statement-ai-strategy-bg-1136.pdf
http://libreresearchgroup.org/p/1/3/139-2020-09-17-libre-statement-ai-strategy-bg-1136.pdf
https://www.gob.cl/en/news/government-announces-artificial-intelligence-plan-be-developed-science-ministry/
https://www.calcalistech.com/ctech/articles/0,7340,L-3883355,00.html
https://kenyanwallstreet.com/kenya-govt-sets-blockchain-artificial-intelligence-taskforce/
http://tap.mk.gov.lv/lv/mk/tap/?pid=40475479
http://tap.mk.gov.lv/lv/mk/tap/?pid=40475479
https://opengovasia.com/plans-for-cloud-first-strategy-and-national-ai-framework-revealed-at-29th-msc-malaysia-implementation-council-meeting/
https://www.mbie.govt.nz/dmsdocument/5754-artificial-intelligence-shaping-a-future-new-zealand-pdf
https://www.mbie.govt.nz/dmsdocument/5754-artificial-intelligence-shaping-a-future-new-zealand-pdf
http://www.colombopage.com/archive_19A/Jun28_1561662503CH.php
https://www.sbfi.admin.ch/sbfi/fr/home/politique-fri/fri-2021-2024/themes-transversaux/numerisation-fri/intelligence-artificielle.html
http://www.anpr.tn/national-ai-strategy-unlocking-tunisias-capabilities-potential/
https://www.slideshare.net/mobile/ador1231/ss-239685388?ref=https%3A%2F%2Fthedigital.gov.ua%2F&fbclid=IwAR0nLHzqmYOI5uYZOGkJtF9GR4MtppPc4tUpJKAuLSV_Wb-yz82hUehLB8M
https://www.slideshare.net/mobile/ador1231/ss-239685388?ref=https%3A%2F%2Fthedigital.gov.ua%2F&fbclid=IwAR0nLHzqmYOI5uYZOGkJtF9GR4MtppPc4tUpJKAuLSV_Wb-yz82hUehLB8M
https://english.mic.gov.vn/Pages/TinTuc/139578/Selecting-appropriate-artificial-intelligence-development-strategy.html
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Read more on AI national strategies:
• �
• �
• �
• �  
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National AI Strategies and Human Rights
Table 7.1.1: Mapping human rights 
referenced in national AI strategies

HUMAN RIGHTS 
MENTIONED

STATES/REGIONAL 
ORGANIZATIONS

The right to privacy Australia, Belgium, China, 
Czech Republic, Germany, 
India, Italy, Luxembourg, Malta, 
Netherlands, Norway, Portugal, 
Qatar, South Korea, United 
States

The right 
to equality/
nondiscrimination

Australia, Belgium, Czech 
Republic, Denmark, Estonia, EU, 
France, Germany, Italy, Malta, 
Netherlands, Norway

The right to an 
e�ective remedy

Australia (responsibility 
and ability to hold humans 
responsible), Denmark, Malta, 
Netherlands

The rights to 
freedom of thought, 
expression, 
and access to 
information

France, Netherlands,  
Russia

The right to work France, Russia

In 2020, Global Partners Digital and Stanford’s 
Global Digital Policy Incubator published a 
report examining governments’ national AI 
strategies from a human rights perspective, 
titled “National Arti�cial Intelligence Strategies 
and Human Rights: A Review.” The report 
assesses the extent to which governments 
and regional organizations have incorporated 
human rights considerations into their national 
AI strategies and made recommendations to 
policymakers looking to develop or review AI 
strategies in the future. 

The report found that among the 30 states and 
two regional strategies (from the European 
Union and the Nordic-Baltic states), a number 
of strategies refer to the impact of AI on human 
rights, with the right to privacy as the most 
commonly mentioned, followed by equality 
and nondiscrimination (Table 6.1.1). However, 
very few strategy documents provide deep 
analysis or concrete assessment of the impact 
of AI applications on human rights. Speci�cs 
as to how and the depth to which human 
rights should be protected in the context of 
AI is largely missing, in contrast to the level of 
speci�city on other issues such as economic 
competitiveness and innovation advantage. 

https://medium.com/politics-ai/an-overview-of-national-ai-strategies-2a70ec6edfd
https://oecd.ai/
https://cifar.ca/wp-content/uploads/2020/10/building-an-ai-world-second-edition.pdf
https://publications.iadb.org/es/la-inteligencia-artificial-al-servicio-del-bien-social-en-america-latina-y-el-caribe-panor%C3%A1mica-regional-e-instant%C3%A1neas-de-doce-paises
https://publications.iadb.org/es/la-inteligencia-artificial-al-servicio-del-bien-social-en-america-latina-y-el-caribe-panor%C3%A1mica-regional-e-instant%C3%A1neas-de-doce-paises
https://fsi-live.s3.us-west-1.amazonaws.com/s3fs-public/national_artifical_intelligence_strategies_and_human_rights-a_review1.pdf
https://fsi-live.s3.us-west-1.amazonaws.com/s3fs-public/national_artifical_intelligence_strategies_and_human_rights-a_review1.pdf
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Given the scale of the opportunities and the challenges 

recently been announced that aim to develop multilateral 

international initiatives from governments committed to 

These multilateral initiatives on AI suggest that 
organizations are taking a variety of approaches to 
tackle the practical applications of AI and scale those 

turn to international organizations for global AI norm 
formulation, while others engage in partnerships or 

the ethics of AI—or the ethical challenges raised by current 
and future applications of AI—stands out as a particular 

hand, has opted to engage in a number of science and 
technology bilateral agreements that stress cooperation 

mentioned in China’s economic cooperation

INTERGOVERNMENTAL 
INITIATIVES 
Intergovernmental working groups consist of experts and 
policymakers from member states who study and report 
on the most urgent challenges related to developing and 
deploying AI and then make recommendations based on 

and developing strategies for the most pressing issues in AI 

Working Groups
Global Partnership on AI (GPAI)
• �Participants: 

• �Host of Secretariat: 
• �Focus Areas: Responsible AI; data governance; the future 

of work; innovation and commercialization
• �Recent Activities: Two International Centres of 

Expertise—the International Centre of Expertise in 

the work in the four focus areas and held the Montreal 

governance working group published the beta version of 

OECD Network of Experts on AI (ONE AI)
• �Participants: 
• �Host:
• �Focus Areas: 

trustworthy AI; policies for AI; AI compute
• �Recent Activities: 

AI 

 
• �Participants: 
• �Host: European Commission
• �Focus Areas: Ethics guidelines for trustworthy AI
• �Recent Activities: Since its launch at the recommendation 

7.2 INTERNATIONAL 
COLLABORATION ON AI
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7.2 INTERNATIONAL 
COLLABORATION 
ON AI

http://english.scio.gov.cn/beltandroad/2018-07/23/content_57813914.htm
https://www.gpai.ai/
https://oecd.ai/wonk/open-call-input-gpai-data-governance-working-group
https://www.oecd.ai/network-of-experts
https://oecd.ai/
https://oecd.ai/
https://www.oecd.ai/wonk/a-first-look-at-the-oecds-framework-for-the-classification-of-ai-systems-for-policymakers
https://www.oecd.ai/wonk/a-first-look-at-the-oecds-framework-for-the-classification-of-ai-systems-for-policymakers
https://ec.europa.eu/digital-single-market/en/high-level-expert-group-artificial-intelligence


https://en.unesco.org/artificial-intelligence/ethics
https://en.unesco.org/artificial-intelligence/ethics
https://aiforgood.itu.int/
https://www.ai.mil/news_09_16_20-jaic_facilitates_first-ever_international_ai_dialogue_for_defense_.html
https://www.prnewswire.com/news-releases/xinhua-silk-road-ai-empowers-china-asean-cooperation-helping-tap-into-market-opportunities-301174146.html
https://www.prnewswire.com/news-releases/xinhua-silk-road-ai-empowers-china-asean-cooperation-helping-tap-into-market-opportunities-301174146.html
https://pib.gov.in/Pressreleaseshare.aspx?PRID=1540480
https://www.reuters.com/article/us-india-germany/india-and-germany-likely-to-sign-agreement-on-artificial-intelligence-idUSKBN1X91JW
https://www.gov.uk/government/publications/declaration-of-the-united-states-of-america-and-the-united-kingdom-of-great-britain-and-northern-ireland-on-cooperation-in-ai-research-and-development/declaration-of-the-united-states-of-america-and-the-united-kingdom-of-great-britain-and-northern-ireland-on-cooperation-in-artificial-intelligence-re
https://economictimes.indiatimes.com/news/defence/india-japan-finalise-pact-for-cooperation-in-5g-ai-critical-information-infrastructure/articleshow/78534833.cms
https://www.diplomatie.gouv.fr/en/country-files/germany/events/article/french-german-declaration-of-toulouse-16-oct-19


https://www.nitrd.gov/pubs/FY2020-NITRD-Supplement.pdf
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AI spending in 2020 was more than six times higher than 

Contract Spending by Department and Agency

AI-related contracts than any other federal department 

list for the most contract spending on AI over the past 10 

than what was spent by the other 44 departments and 
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Figure 7.3.3
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7.3 U.S. PUBLIC 
INVESTMENT 
IN AI

U.S.  GOVERNMENT AI-RELATED 
CONTRACT SPENDING
Another indicator of public investment in AI technologies is 
the level of spending on government contracts across the 

supplied by private businesses typically occupies the largest 

a model that captures contract spending on AI technologies 
by adding up all contracting transactions that contain a 

government spends on contracts for AI products and 
services has reached an all-time high and shows no sign of 

process, vendors may add a bunch of keywords into their 
applications, so some of these things may have a relatively 

Total Contract Spending
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TOP 10 CONTRACT SPENDING on AI by U.S. GOVERNMENT DEPARTMENT and AGENCY, 2001-20 (SUM)
Source: Bloomberg Government, 2020 | Chart: 2021 AI Index Report
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Figure 7.3.4

Figure 7.3.5
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http://www.kjdb.org/EN/abstract/abstract14765.shtml#
https://blogs.scientificamerican.com/observations/algorithmic-foreign-policy/
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7.4 AI  AND 
POLICYMAKING

Figure 7.4.6
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ELSEVIER

Source
Elsevier’s Scopus database of scholarly publications has 

This data was compiled by Elsevier

Methodology
Scopus tags its papers with keywords, publication dates, 

extracted from the Scopus records that were returned as 
a result of querying against the provided approximately 

creation also maintained a list of each search term that 

for the record

present for the record

the record

record

associated ASJC list?

ComputerScience subject code associated with it? This 

feature checks, if the publication is within Computer 

percentage of ASJC codes for record that are from the 
CompSci ASJC code list

Nuance

the number of papers for a given query may increase 

• �Members of the Elsevier team commented that data on 

Nuances speci�c to AI publications by region
• �Papers are counted utilizing whole counting rather 

line numbers in a given year may not match individual 

CHAPTER 1: RESEARCH & DEVELOPMENT

CHAPTER 1:  
RESEARCH &  
DEVELOPMENT

APPENDIX

https://www.elsevier.com/solutions/scopus
https://www.elsevier.com/
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Nuances speci�c to publications by topic

tagged as AI were included, regardless of whether they 

• �Scopus has a subject category called AI, which is a 
subset of CS, but this is relevant only for a subject-

methodology used for the report includes all papers, 

Nuances speci�c to methodology
• �The entire data collection process was done by Elsevier 

because of the rapidly increasing applications in 

vision, robotics, cybersecurity, bioinformatics, and 

of AI’s methodological dependency on many areas, 
such as logic, probability and statistics, optimization, 
photogrammetry, neuroscience, and game theory—to 

bibliometrics, it would be valuable if groups producing 
these studies strived for a level of transparency in their 
methods, which would support the reproducibility 

AI Training Set

can be searched and downloaded either from Scopus 

publications randomly selected from the initial seven 
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�MICROSOF T ACADEMIC GRAPH: 
ME THODOLOGY

Chieh-Han Wu,  and Kuansan Wang

Source
1 is a heterogeneous graph 

relationships between those publications, as well as 

about MAG here

Methodology
MAG Data Attribution: Each paper is counted exactly 

Metrics: 
papers, conference papers, patents, repository2

The citation and reference count 
represents the number of respective metrics for AI 

China’s conference AI papers published in 2016 received 

Curating the MAG Dataset and References: Generally 

everything from the web and have access to the entire 

to conduct more web searches than a typical human 

on the web as signals to recognize and verify claims3

MAG has found this approach to be superior to the results 
of the best of the , which uses 

Notes About the MAG Data
Conference Papers: 
were scrutinized, it was determined that some of the 2020 
conference papers were not properly tagged with their 

system are under arXiv papers, but due to issues arising 

publication count, but rather considering both publication 

The number of 2020 conference publications is slightly 

Unknown Countries for Journals and Conferences:  

1 See “ ” and “

3 See “ ” and “

https://www.microsoft.com/en-us/research/project/microsoft-academic-graph/
https://www.kaggle.com/c/kdd-cup-2013-author-paper-identification-challenge
https://www.microsoft.com/en-us/research/publication/a-review-of-microsoft-academic-services-for-science-of-science-studies/
https://www.microsoft.com/en-us/research/publication/microsoft-academic-graph-when-experts-are-not-enough/
https://arxiv.org/pdf/2102.09066.pdf
https://arxiv.org/pdf/2102.09066.pdf
https://www.microsoft.com/en-us/research/project/academic/articles/machine-verification-paper-author-claims/
https://www.microsoft.com/en-us/research/project/academic/articles/microsoft-academic-uses-knowledge-address-problem-conflation-disambiguation/
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MICROSOF T ACADEMIC GRAPH: 
PATENT DATA CHALLENGE
As mentioned in the report, the patent data—especially 

about the “assignees” of a patent, they do not necessarily 
mean the underlying inventions originate from the 

publications underlying the invention, MAG can infer 

Second, to maximize intellectual property protection 

patent applications on the same invention under various 

translated into local languages, are in fact the result of a 

4

These challenges raise questions about the reliability of 
data on the share of AI patent publications by both region 

4  Read “
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Figure 1.4.1

By Region

https://www.microsoft.com/en-us/research/project/academic/articles/sharpening-insights-into-the-innovation-landscape-with-a-new-approach-to-patents/
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Figure 1.4.3
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MICROSOF T ACADEMIC GRAPH: 
MEASUREMENT CHALLENGES AND 
ALTERNATIVE DEFINITION OF AI
As the AI Index team discussed in the paper “Measurement 

,” choosing how 

AI publications from venues considered to be core AI 

in the 2020 AAAI conference are included in the original 

To spur discussion on this important topic, this section 

 This is a more liberal 

Charts corresponding to those in the main text but using 
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Figure 1.5.1a

AI Journal Publications (OECD De�nition)

https://arxiv.org/pdf/2009.09071
https://arxiv.org/pdf/2009.09071
https://www.oecd.ai/assets/files/Methodology_20200219.pdf
https://www.aclweb.org/anthology/P18-4015.pdf
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https://arxiv.org/help/stats/2017_by_area/index
https://arxiv.org/about/reports/submission_category_by_year


https://arxiv.org/pdf/1808.06355.pdf
https://arxiv.org/pdf/1808.06355.pdf
https://arxlive.org/
https://github.com/nestauk/nesta/tree/dev/nesta/core/routines/arxiv
https://github.com/nestauk/arxiv_ai/tree/master/ai_index
https://github.com/timqian/star-history
https://star-history.t9t.io
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https://paperswithcode.com/paper/gpipe-efficient-training-of-giant-neural
https://paperswithcode.com/paper/randaugment-practical-data-augmentation-with
https://paperswithcode.com/paper/fixing-the-train-test-resolution-discrepancy


https://paperswithcode.com/paper/meta-pseudo-labels
https://paperswithcode.com/paper/self-training-with-noisy-student-improves
https://paperswithcode.com/paper/large-scale-learning-of-general-visual
https://paperswithcode.com/paper/imagenet-classification-with-deep
https://paperswithcode.com/paper/espnetv2-a-light-weight-power-efficient-and
https://paperswithcode.com/paper/xception-deep-learning-with-depthwise
https://paperswithcode.com/paper/efficientnet-rethinking-model-scaling-for
https://paperswithcode.com/paper/self-training-with-noisy-student-improves
https://paperswithcode.com/paper/fixing-the-train-test-resolution-discrepancy-2
https://paperswithcode.com/paper/adversarial-examples-improve-image
https://paperswithcode.com/paper/overfeat-integrated-recognition-localization
https://paperswithcode.com/paper/densely-connected-convolutional-networks
https://paperswithcode.com/paper/revisiting-unreasonable-effectiveness-of-data
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https://paperswithcode.com/paper/res2net-a-new-multi-scale-backbone
https://paperswithcode.com/paper/billion-scale-semi-supervised-learning-for
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http://image-net.org/challenges/LSVRC/
http://image-net.org/challenges/LSVRC/
http://image-net.org/
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IMAGENE T: TRAINING TIME
Trends can also be observed by studying research papers 

any 

papers from the past few years that tried to optimize 

Source
The data is sourced from 

Notes

submittable as Available In Cloud or Available on Premise 

table is a set of results produced by a single submitter us-

-

compute

library used
-

get quality, measured in minutes

IMAGENE T: TRAINING COST
Source

time and cost are critical resources in building deep 
models, yet many existing benchmarks focus solely on 

of common deep-learning workloads for quantifying 
training time, training cost, inference latency, and 

Note

COCO: KEYPOINT DE TECTION

COCO: DENSEPOSE ESTIMATION
We gathered data from the  challenge and 
read arXiv repository papers to build comprehensive data 

 
   Pose Estimation

 
   and Motion Cues
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https://mlperf.org/
https://mlperf.org/training-results-0-7
https://mlperf.org/training-results-0-6
https://mlperf.org/training-results-0-5
https://dawn.cs.stanford.edu
https://cocodataset.org/#keypoints-leaderboard
https://competitions.codalab.org/competitions/20660#results
https://arxiv.org/abs/1802.00434
https://competitions.codalab.org/competitions/19636#results
https://arxiv.org/abs/1811.12596
https://arxiv.org/abs/1812.01783?
https://arxiv.org/abs/1812.01783?
https://arxiv.org/abs/1906.05706
https://arxiv.org/abs/1906.05706
https://competitions.codalab.org/competitions/20660#results
https://arxiv.org/abs/2003.00080
https://arxiv.org/abs/2006.15190
http://arxiv.org/abs/2007.15506
http://arxiv.org/abs/2007.15506


TABLE OF CONTENTS
197APPENDIX

ACTIVIT YNE T: TEMPORAL 
LOCALIZATION TASK
In the challenge, there are three separate tasks, but 
they focus on the main problem of temporally localizing 
where activities happen in untrimmed videos from 
the 
attributes for the task of temporal localization at the 

the overall stats and trends for this task, as well as some 

individual activity classes improved over the years? Which 
are the hardest and easiest classes now? Which classes 

in the public data 

YOLO (YOU ONLY LOOK ONCE)

development of new architectures and versions in past 

precision increases as well, with a corresponding decrease 

We conducted a detailed survey of arXiv papers and 
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http://www.activity-net.org/
https://docs.google.com/spreadsheets/d/1yVmy433Dp9WjV-g_ZbFKSdRLrqRKKPHk61AtRKxVfW4/edit?usp=sharing
https://arxiv.org/abs/1506.02640
https://arxiv.org/abs/1612.08242
https://pjreddie.com/yolo/
https://arxiv.org/abs/1804.02767
https://arxiv.org/abs/1911.09516?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%253A+arxiv%252FQSXk+%2528ExcitingAds%2521+cs+updates+on+arXiv.org%2529
https://github.com/ultralytics/yolov3
https://arxiv.org/abs/2004.10934
https://github.com/AlexeyAB/darknet
https://github.com/ultralytics/yolov5
https://arxiv.org/abs/2007.12099
https://arxiv.org/abs/2007.12099
https://arxiv.org/abs/2005.13243
https://arxiv.org/abs/2005.13243


https://visualqa.org/people.html
https://visualqa.org/index.html
https://drive.google.com/file/d/1oypaw0uhBTRSQFtq7TqLvlvVuLWTOzwc/view
https://visualqa.org/challenge.html
http://evalai.cloudcv.org/
https://evalai.cloudcv.org/web/challenges/challenge-page/514/overview
https://visualqa.org/download.html
https://visualqa.org/challenge_2019.html
https://visualqa.org/challenge_2018.html
https://visualqa.org/challenge_2017.html
https://visualqa.org/challenge_2017.html
https://visualqa.org/vqa_v1_challenge.html
https://visualqa.org/evaluation.html
https://arxiv.org/pdf/1505.00468.pdf
https://drive.google.com/file/d/1yJISTi9PhQblI6aLgkMnojstx2frN5iY/view?usp=sharing
https://docs.google.com/spreadsheets/d/1f4VLkRG2NtrcTQXTOwZwNRw68G5BzrFP_OeZKwNJVSs/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1tDl54e6db5MDnlzqod4I6Kim5-rBGlR_tMo-An8_w10/edit?usp=sharing
https://visualqa.org/roe.html
https://paperswithcode.com
https://paperswithcode.com/about
https://paperswithcode.com/sota
https://github.com/paperswithcode/sota-extractor


https://pages.nist.gov/frvt/html/frvt11.html
https://pages.nist.gov/frvt/html/frvt1N.html
https://super.gluebenchmark.com/leaderboard
https://arxiv.org/abs/1905.00537
https://jiant.info/
https://visualcommonsense.com/leaderboard/


https://www.robots.ox.ac.uk/~vgg/data/voxceleb/
http://www.robots.ox.ac.uk/~vgg/publications/2017/Nagrani17/nagrani17.pdf
http://www.robots.ox.ac.uk/~vgg/publications/2018/Chung18a/chung18a.pdf
https://www.robots.ox.ac.uk/~vgg/publications/2019/Nagrani19/nagrani19.pdf
https://arxiv.org/pdf/2011.02882.pdf
https://arxiv.org/pdf/2011.02882.pdf
http://www.satcompetition.org/


https://ada.liacs.nl/papers/FreEtAl16.pdf
https://www.ijcai.org/Proceedings/2018/0716.pdf
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ratings is saved with the problem, which makes it possible 

TPTP from some chosen initial TPTP release, and then for 
the TPTP releases from then on, counts how many of the 

This simple approach is unambiguous, but it does not take 
into account new problems that are added to the TPTP 

ATP systems on new problems when they are added, this 
approach assumes that if a problem is unsolved by current 
ATP systems when it is added to the TPTP, then it would 

problem is solved when it is added to the TPTP, it is 
ignored because it may have been solved in prior versions 
as well, and therefore should not serve as an indicator of 

solved for each release, but note that the fraction is with 
respect to both the number of problems actually in the 

The growing set analysis is performed on the whole TPTP 

problems in those forms have been contributed to the 
TPTP, and correspondingly there are many ATP systems 
that can attempt them; they represent the “real world” 

The table here in the public data folder shows the 

larger than those shown in the analysis, as some 
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https://docs.google.com/spreadsheets/d/1NsRsa1T8b2BNLXKcjj3K4gNp2gkYG4jHMiZhhy26cu4/edit#gid=208696205
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Arti�cial Intelligence
Index Report 2021

CHAPTER 3: 
ECONOMYAPPENDIX

it is found and is considered a duplicate and removed 

that it is still actively posted, meaning the same posting 
can be counted in two or more consecutive months if it 

on this calculation, the share of jobs online as captured 

Jobs not posted online are usually in small businesses 

Measuring Demand for AI
In order to measure the demand by employers of AI skills, 

for the purposes of this report, all skills below were 

Natural Language Processing (NLP):

Neural Networks: 

Machine Learning: 

Robotics:
Motion Planning, Motoman Robot Programming, Robot 

Visual Image Recognition: 

Recognition





https://www.mckinsey.com/business-functions/mckinsey-analytics/our-insights/global-survey-the-state-of-ai-in-2020
https://ifr.org/
https://ifr.org/downloads/press2018/WR%20Industrial%20Robots%202019_Chapter_1.pdf
https://ifr.org/downloads/press2018/WR%20Industrial%20Robots%202019_Chapter_1.pdf
https://www.liquidnet.com/
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CRA TAULBEE SURVEY

Source

science and computer engineering; laboratories and 
centers in industry, government, and academia; and 

is to enhance innovation by joining with industry, 
government, and academia to strengthen research and 

CRA here

Methodology
CRA Taulbee Survey gathers survey data during the fall 

can be found here

available last spring, and the numbers provided for 2020 

The CRA Taulbee Survey is sent only to doctoral 
departments of computer science, computer engineering, 

bachelor’s degrees is lower in the Taulbee schools than 

Nuances

• �Some may have been teaching or research faculty 
rather than tenure-track, but there is probably some 
movement between institutions, meaning the total 

CHAPTER 4: AI EDUCATION
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https://cra.org/
https://cra.org/resources/taulbee-survey/


https://www.timeshighereducation.com/world-university-rankings/2021/world-ranking#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/stats
https://www.timeshighereducation.com/world-university-rankings/2021/world-ranking#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/stats
https://www.timeshighereducation.com/world-university-rankings/2020/emerging-economies-university-rankings#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/stats
https://www.timeshighereducation.com/world-university-rankings/2020/emerging-economies-university-rankings#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/stats
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC121680/jrc121680_jrc121680_academic_offer_of_advanced_digital_skills.pdf
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC121680/jrc121680_jrc121680_academic_offer_of_advanced_digital_skills.pdf
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC121680/jrc121680_jrc121680_academic_offer_of_advanced_digital_skills.pdf
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC121680/jrc121680_jrc121680_academic_offer_of_advanced_digital_skills.pdf
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EU ACADEMIC OFFERING, JOINT 
RESEARCH CENTER, EUROPEAN 
COMMISSION

and Riccardo Righi

Source

employs scientists to carry out research in order to provide 

 

Methodology

AI-related education programs from the programs’ 

has been enlarged to better cover certain AI subdomains 
and to expand to related transversal domains, such 

grouped into categories, which are used to analyze the 

content areas used are adapted from the JRC report 
“

,” 
conducted in the context of AI Watch

and broad, according to the depth with which they 

and computer vision” or “advanced computer science 

addressed domain, but in a more generic way, usually 

the domain in the framework of a program specialized in 

in this edition, namely the addition of new keywords, a 

of all detected programs in this edition are triggered by 

The original source on which queries are performed is the 

Studyportals collects information from institutions’ 

coverage, mostly because it only tracks English-language 

English-native-speaking countries and the rest, but also 

a native language, unlike master’s, which attracts more 

this study may be showing a partial picture of the level of 
inclusion of advanced digital skills in bachelor’s degree 

https://ec.europa.eu/info/departments/joint-research-centre_en
https://ec.europa.eu/jrc/en/publication/ai-watch-defining-artificial-intelligence
https://ec.europa.eu/jrc/en/publication/ai-watch-defining-artificial-intelligence
https://knowledge4policy.ec.europa.eu/ai-watch_en


https://ai-hr.cyber.harvard.edu/primp-viz.html
https://ai-hr.cyber.harvard.edu/primp-viz.html


https://arxiv.org/pdf/1809.08328.pdf
https://arxiv.org/pdf/1809.08328.pdf
https://arxiv.org/pdf/1809.08328.pdf
https://www.weforum.org/agenda/2016/10/top-10-ethical-issues-in-artificial-intelligence/
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Conference and Public Venue - Sample 

intelligence and machine learning conferences such 

 and the 

The robotics group contains papers published in the IEEE 

The CS group contains papers published in the mainstream 
computer science venues such as the Communications of 
the ACM, IEEE Computer, ACM Computing Surveys, and the 

Codebase
The code and data are hosted in this GitHub repository
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APPENDIX

https://github.com/marceloprates/Ethics-AI-Data




https://beta.sam.gov/help/contract-data
https://comptroller.defense.gov/Budget-Materials/
https://www.congress.gov/congressional-record
https://www.congress.gov/congressional-record
https://www.liquidnet.com/
https://www.dnb.nl/media/voffsric/general-principles-for-the-use-of-artificial-intelligence-in-the-financial-sector.pdf
https://www.bankofengland.co.uk/-/media/boe/files/speech/2019/managing-machines-the-governance-of-artificial-intelligence-speech-by-james-proudman
https://www.bankofengland.co.uk/-/media/boe/files/speech/2019/managing-machines-the-governance-of-artificial-intelligence-speech-by-james-proudman


https://www.mckinsey.com/mgi/overview
https://www.mckinsey.com/mgi/overview
https://www.ourcommons.ca/Search/en/publications/hansard
https://hansard.parliament.uk/search?startDate=1800-01-01&endDate=2018-11-20&searchTerm=%22Artificial%20intelligence%22&partial=False
https://hansard.parliament.uk/
https://www.parliament.uk/site-information/copyright-parliament/open-parliament-licence/
https://www.congress.gov/quick-search/congressional-record?wordsPhrases=%22Artificial+Intelligence%22&congresses%5B%5D=all&dates=datesCongress&sectionSenate=on&sectionHouse=on&sectionExtensionsOfRemarks=on&representative%5B%5D=&senator%5B%5D=&searchResultViewType=expanded
https://www.congress.gov/congressional-record




https://drive.google.com/file/d/1HzSGtHVy4ZO4jmjekEF6AUTc6G5gkKhB/view?usp=sharing
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The webtool allows users to adjust weights to each 

settings of the tool allow the user to select between three 

 All weights to midpoint

  Only absolute metrics
This button assigns maximum weights to absolute 

 Only per capita metrics
This button assigns maximum weights to per capita 

The user can adjust the weights to each metric based on 

country comparative view based on the weights selected 

dive to assess which  AI indicators a given country is 

country has the highest number in the global distribution 
for that metric, and conversely small numbers like 0 or 1 
indicates relatively low values in the global distribution 
This can help identify areas for improvement and 
identify national policy strategies to support a vibrant AI 

CONSTRUCTION OF THE GLOBAL AI 
VIBRANCY: COMPOSITE MEASURE 
Source
The data is collected by AI Index using diverse datasets 

Methodology

Aggregate Measure

where  represents a country and t represents year, is 
 is the weight 

assigned to individual indicators, 
to one of the three high-level pillars and N is the number of 

Normalization

ranges of variation, all 22 variables were normalized into 

was adopted, given the minimum and maximum values of 

Coverage and Nuances

of countries based on an average of available data between 

due to their growing importance in the global AI landscape, 

GLOBAL AI 
VIBRANCYAPPENDIX
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GLOBAL AI 
VIBRANCYAPPENDIX

ID PILLAR SUB-PILLAR NAME DEFINITION SOURCE

1 Research and 
Development

Conference 
Publications

Number of AI 
conference 
papers*

Total count of published AI conference papers 
attributed to institutions in the given country.

Microsoft Academic 
Graph (MAG)

2 Research and 
Development

Conference 
Publications

Number of AI 
conference 
papers per capita

Total count of published AI conference papers 
attributed to institutions in the given country in per 
capita terms. The denominator is the population (in tens 
of millions) for a given year to obtain scaled values.

Microsoft Academic 
Graph (MAG)

3 Research and 
Development

Conference 
Publications

Number of AI 
conference 
citations*

Total count of AI conference citations attributed to 
institutions in the given country.

Microsoft Academic 
Graph (MAG)

4 Research and 
Development

Conference 
Publications

Number of AI 
conference 
citations per 
capita

Total count of AI conference citations attributed to 
institutions in the given country in per capita terms. The 
denominator is the population (in tens of millions) for a 
given year to obtain scaled values.

Microsoft Academic 
Graph (MAG)

5 Research and 
Development

Journal 
Publications

Number of AI 
journal papers*

Total count of published AI journal papers attributed to 
institutions in the given country.

Microsoft Academic 
Graph (MAG)

6 Research and 
Development

Journal 
Publications

Number of AI 
journal papers  
per capita

Total count of published AI journal papers attributed to 
institutions in the given country in per capita terms. The 
denominator is the population (in tens of millions) for a 
given year to obtain scaled values.

Microsoft Academic 
Graph (MAG)

7 Research and 
Development

Journal 
Publications

Number of AI 
journal citations*

Total count of AI journal citations attributed to 
institutions in the given country.

Microsoft Academic 
Graph (MAG)

8 Research and 
Development

Journal 
Publications

Number of AI 
journal citations 
per capita

Total count of AI journal citations attributed to 
institutions in the given country in per capita terms. The 
denominator is the population (in tens of millions) for a 
given year to obtain scaled values.

Microsoft Academic 
Graph (MAG)

9 Research and 
Development

Innovation > 
Patents

Number of AI 
patents*

Total count of published AI patents attributed to 
institutions in the given country.

Microsoft Academic 
Graph (MAG)

10 Research and 
Development

Innovation > 
Patents

Number of AI 
patents per capita

Total count of published AI patents attributed to 
institutions in the given country in per capita terms. The 
denominator is the population (in tens of millions) for a 
given year to obtain scaled values.

Microsoft Academic 
Graph (MAG)

11 Research and 
Development

Innovation > 
Patents

Number of AI 
patent citations*

Total count of published AI patents citations attributed 
to institutions of originating patent �ling.

Microsoft Academic 
Graph (MAG)

12 Research and 
Development

Innovation > 
Patents

Number of AI 
patent citations 
per capita

Total count of published AI patent citations attributed 
to institutions in the given country of originating patent 
�ling, in per capita terms. The denominator is the 
population (in tens of millions) for a given year to obtain 
scaled values.

Microsoft Academic 
Graph (MAG)

13 Research and 
Development

Journal 
Publications > 
Deep Learning

Number of deep 
learning papers*

Total count of arXiv papers on Deep Learning attributed 
to institutions in the given country. arXiv, NESTA

14 Research and 
Development

Journal 
Publications > 
Deep Learning

Number of deep 
learning papers 
per capita

Total count of arXiv papers on Deep Learning attributed 
to institutions in the given country in per capita terms. 
The denominator is the population (in tens of millions) 
for a given year to obtain scaled values.

arXiv, NESTA

RESEARCH AND DEVELOPMENT INDICATORS
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ID PILLAR SUB-PILLAR NAME DEFINITION SOURCE

15 Economy Skills Relative skill 
penetration

Relative skill penetration rate measure is based on 
a method to compare how prevalent AI skills are at 
the average occupation in each country against a 
benchmark (e.g. the global average), controlling for the 
same set of occupations.

LinkedIn Economic 
Graph

16 Economy Labor AI hiring index

AI hiring rate is the percentage of LinkedIn members 
who had any AI skills (see the Appendix for the AI skill 
grouping) on their pro�le and added a new employer 
to their pro�le in the same month the new job began, 
divided by the total number of LinkedIn members in the 
country. This rate is then indexed to the average month 
in 2015-2016; for example, an index of 1.05 indicates a 
hiring rate that is 5% higher than the average month in 
2015-2016.

LinkedIn Economic 
Graph

17 Economy Investment Total Amount of 
Funding*

Total amount of private investment funding received for 
AI startups (nominal USD).

Crunchbase, CapIQ, 
NetBase Quid

18 Economy Investment Total per capita 
funding

Total amount of private investment funding received for 
AI startups in per capita terms. The denominator is the 
population (in tens of millions) for a given year to obtain 
appropriately scaled values.

Crunchbase, CapIQ, 
NetBase Quid

19 Economy Investment
Number of 
companies 
funded*

Total number of AI companies founded in the given 
country.

Crunchbase, CapIQ, 
NetBase Quid

20 Economy Investment
Number of 
companies 
funded per capita

Total number of AI companies founded in the given 
country in per capita terms. The denominator is the 
population (in tens of millions) for a given year to obtain 
appropriately scaled values.

Crunchbase, CapIQ, 
NetBase Quid

ID PILLAR SUB-PILLAR NAME DEFINITION SOURCE

21 Inclusion Gender 
Diversity

AI skill 
penetration 
(female)

Relative skill penetration rate measure is based on 
a method to compare how prevalent AI skills are at 
the average occupation in each country against a 
benchmark (e.g. the global average), controlling for the 
same set of occupations.

LinkedIn Economic 
Graph

22 Inclusion Gender 
Diversity

Number of unique 
AI occupations 
(job titles), female

Number of unique AI occupations (or job titles) with 
high AI skill penetration for females in a given country.

LinkedIn Economic 
Graph

ECONOMY INDICATORS

INCLUSION INDICATORS
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