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Overview
Research and development is an integral force that drives the rapid progress 
of arti�cial intelligence (AI). Every year, a wide range of academic, industry, 
government, and civil society experts and organizations contribute to AI 
R&D via a slew of papers, journal articles, and other AI-related publications, 
conferences on AI or on particular subtopics like image recognition or 
natural language processing, international collaboration across borders, and 
the development of open-source software libraries. These R&D e�orts are 
diverse in focus and geographically dispersed.

Another key feature of AI R&D, making it somewhat distinct from other areas 
of STEM research, is its openness. Each year, thousands and thousands of 
AI publications are released in the open source, whether at conferences 
or on �le-sharing websites. Researchers will openly share their �ndings at 
conferences; government agencies will fund AI research that ends up in the 
open source; and developers use open software libraries, freely available to 
the public, to produce state-of-the-art AI applications. This openness also 
contributes to the globally interdependent and interconnected nature of 
modern AI R&D.

This �rst chapter draws on multiple datasets to analyze key trends in the 
AI research and development space in 2021. It �rst looks at AI publications, 
including conference papers, journal articles, patents, and repositories.  
It then analyzes AI conference attendance. And �nally, it examines  
AI open-source software libraries used in the R&D process.
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� �Despite rising geopolitical tensions, the United States and China had the greatest number of 
cross-country collaborations in AI publications from 2010 to 2021, increasing �ve times since 
2010. The collaboration between the two countries produced 2.7 times more publications 
than between the United Kingdom and China�the second highest on the list.

� �In 2021, China continued to lead the world in the number of AI journal, conference, and 
repository publications�63.2% higher than the United States with all three publication types 
combined. In the meantime, the United States held a dominant lead among major AI powers 
in the number of AI conference and repository citations. 

� �From 2010 to 2021, the collaboration between educational and nonpro�t organizations 
produced the highest number of AI publications, followed by the collaboration between 
private companies and educational institutions and between educational and government 
institutions. 

� �The number of AI patents �led in 2021 is more than 30 times higher than in 2015, showing a 
compound annual growth rate of 76.9%.
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Overview
This year, the technical performance chapter includes more analysis 
than ever before of the technical progress in various sub�elds of 
arti�cial intelligence, including trends in computer vision, language, 
speech, recommendation, reinforcement learning, hardware, and 
robotics. It uses a number of quantitative measurements, from 
common AI benchmarks and prize challenges to a �eld-wide survey, 
to highlight the development of top-performing AI systems. 
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� �Data, data, data: Top results across technical benchmarks have increasingly relied on the use of 
extra training data to set new state-of-the-art results. As of 2021, 9 state-of-the-art AI systems 
out of the 10 benchmarks in this report are trained with extra data. This trend implicitly favors 
private sector actors with access to vast datasets.

� �Rising interest in particular computer vision subtasks: In 2021, the research community saw 
a greater level of interest in more speci�c computer vision subtasks, such as medical image 
segmentation and masked-face identi�cation. For example, only 3 research papers tested 
systems against the Kvasir-SEG medical imaging benchmark prior to 2020. In 2021, 25 
research papers did. Such an increase suggests that AI research is moving toward research that 
can have more direct, real-world applications.

� �AI has not mastered complex language tasks, yet: AI already exceeds human performance levels 
on basic reading comprehension benchmarks like SuperGLUE and SQuAD by 1%�5%. Although 
AI systems are still unable to achieve human performance on more complex linguistic tasks 
such as abductive natural language inference (aNLI), the di�erence is narrowing. Humans 
performed 9 percentage points better on aNLI in 2019. As of 2021, that gap has shrunk to 1.

� �Turn toward more general reinforcement learning: For the last decade, AI systems have 
been able to master narrow reinforcement learning tasks in which they are asked to maximize 
performance in a speci�c skill, such as chess. The top chess software engine now exceeds 
Magnus Carlsen�s top ELO score by 24%. However, in the last two years AI systems have also 
improved by 129% on more general reinforcement learning tasks (Procgen) in which they 
must operate in novel environments. This trend speaks to the future development of AI systems 
that can learn to think more broadly. 

� �AI becomes more a�ordable and higher performing: Since 2018, the cost to train an image 
classi�cation system has decreased by 63.6%, while training times have improved by 94.4%.  
The trend of lower training cost but faster training time appears across other MLPerf task 
categories such as recommendation, object detection and language processing, and favors the 
more widespread commercial adoption of AI technologies. 

� �Robotic arms are becoming cheaper: An AI Index survey shows that the median price of 
robotic arms has decreased fourfold in the past six years�from $50,000 per arm in 2016 to 
$12,845 in 2021. Robotics research has become more accessible and a�ordable. 
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Masked Labeled Faces in the Wild (MLFW)
In 2021, researchers from the 
Beijing University of Posts and 
Telecommunications released a 
facial recognition dataset of 6,000 
masked faces in response to the new 
recognition challenges posed by 
large-scale mask-wearing.

As part of the dataset release, the researchers ran a series of existing state-of-the-art detection 
algorithms on a variety of facial recognition datasets, including theirs, to determine how much detection 
performance decreased when faces were masked. Their estimates suggest that top methods perform 5 
to 16 percentage points worse on masked faces compared to unmasked ones. These �ndings somewhat 
con�rm the insights from the FRVT face-mask tests: Performance deteriorates when masks are included, 
but not by an overly signi�cant degree. 

Face Detection Method  /  Dataset

ArcFace1 ArcFace3 Arcface4 CosFace2 Curricularface5 SFace6

75%
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STATE-OF-THE-ART FACE DETECTION METHODS on MASKED LABELED FACES IN THE WILD (MLFW): ACCURACY
Source: Wang et. al, 2021 | Chart: 2022 AI Index Report

Figure 2.1.19

Figure 2.1.18

2.1 Computer Vision�Image
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EXAMPLES OF MASKED FACES IN 
THE MASKED LABELED FACES IN 

THE WILD �MLFW� DATABASE
Source: Wang et al., 2021
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