
Rapid Advancements in AI Capabilities Across
Sectors (2020–2025)
Artificial  Intelligence (AI)  has  made  explosive progress since 2020,  permeating virtually  every  industry
worldwide. From only niche pilot programs a few years ago, AI-powered systems are now moving from the
lab into daily life at breakneck speed. Businesses have rapidly embraced AI – for example, the share of
organizations using AI jumped from 55% in 2023 to 78% in 2024 – and global investment in AI surged to
over $109 billion in 2024. This comprehensive report reviews how cutting-edge AI is advancing capabilities
across major sectors –  healthcare, education, science, transportation, manufacturing, finance, law,
agriculture, energy, government, creative industries, and more – with a focus on concrete examples and
data from 2020 onward (especially 2023–2025).  The evidence shows an  accelerating pace of AI-driven
automation and innovation in  each domain,  underscoring both remarkable opportunities  and urgent
challenges.

Healthcare & Medicine

AI adoption in healthcare has accelerated dramatically. This chart shows FDA approvals of AI-powered medical
devices skyrocketing from just 6 in 2015 to 223 in 2023, illustrating how quickly AI is being integrated into medical
tools.

AI  is  revolutionizing  healthcare through  improved  diagnosis,  drug  discovery,  and  patient  care.  The
number  of  AI-enabled  medical  devices  cleared  by  regulators  has  grown  exponentially  –  the  U.S.  FDA
approved  223 AI-based medical devices in 2023,  up from only 6 in 2015. These include AI systems for
analyzing medical images (radiology scans, retinal photos, etc.), detecting conditions like cancer or diabetic
retinopathy with expert-level accuracy, and assisting doctors in clinical decision-making. For example, AI
algorithms  now  exceed  human  radiologists  in  certain  image  classification  tasks  and  help  spot  subtle
fractures  or  early  tumors  that  might  be  missed  otherwise.  Several  AI  diagnostic  tools  have  achieved
sensitivity and specificity on par with medical specialists, enabling faster and more accurate screenings.

AI is also accelerating drug discovery and personalized medicine. Generative AI models can design new
molecular structures for potential drugs in a fraction of the time of traditional methods. In fact, as of late
2023  roughly  70  drug candidates  developed with  some assistance  from AI  were  in  clinical  trials,
including  novel  antibiotics  and  therapeutics  discovered  via  AI-driven  molecule  generation.  One  early
success was halicin, an antibiotic identified by an AI model in 2020, which proved effective against certain
resistant bacteria – showcasing AI’s ability to find entirely new compounds. Pharmaceutical companies and
startups now routinely use AI platforms to predict which chemical compounds will bind to disease targets
or to optimize drug properties, significantly shortening R&D cycles. 

AI aids clinicians in treatment and patient care as well. Advanced robotic surgery systems guided by AI
are performing an increasing number of procedures with high precision. Surgical robots (like the latest Da
Vinci systems) use computer vision and AI to assist surgeons in delicate operations, resulting in smaller
incisions and faster  recoveries.  In  hospitals,  AI-powered prediction models  help flag patients  at  risk  of
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complications or deterioration by analyzing vital signs and lab results in real time. AI chatbots and virtual
health assistants are also emerging for patient triage and support – for instance, AI “nurse assistant” apps
can answer routine patient  questions or  monitor  symptoms,  reducing the burden on staff.  During the
COVID-19  pandemic,  hospitals  leveraged  AI  to  predict  surges,  optimize  resource  allocation,  and  even
monitor compliance with mask-wearing via computer vision,  demonstrating AI’s  versatility  in public
health.

Notably,  large language models (LLMs) like GPT-4 have shown remarkable medical knowledge. In 2023,
GPT-4  famously  passed  the  United  States  Medical  Licensing  Exam (USMLE)  with  a  score  approaching  the
passing  threshold,  despite  never  attending  medical  school  –  highlighting  the  potential  of  AI  to  aid  in
medical education and reference. Doctors are beginning to use such AI assistants to summarize medical
literature,  generate clinical  notes,  and even suggest  differential  diagnoses (with human oversight).  The
integration of AI aims to augment healthcare professionals – offloading routine tasks and providing data-
driven insights – so they can focus more on direct patient care. Early studies show AI can indeed improve
healthcare  productivity:  for  example,  generative  AI  documentation  tools  that  draft  clinical  notes  from
doctor-patient  conversations  have  cut  the  time  physicians  spend  on  paperwork  by  over  50%  in  pilot
programs.

These advances are happening globally. In 2023, the World Health Organization noted that AI is already
helping in “diagnosis and clinical  care,  drug development,  disease surveillance,  outbreak response,  and
health systems management” across many countries. Governments are investing in digital health initiatives
that incorporate AI for telemedicine and rural healthcare access. However, rapid progress brings challenges
– such as ensuring algorithmic  safety and accuracy,  avoiding biases in AI predictions,  and integrating
these tools  into healthcare workflows and regulation.  Still,  the overall  trajectory since 2020 is  clear:  AI
capabilities in healthcare have leapt forward, enabling faster diagnoses, new cures, and more efficient
care delivery at a pace unimaginable just a few years ago.

Education

AI is transforming education by enabling  personalized learning, intelligent tutoring, and automated
administrative tasks.  Since 2020,  and especially  after the debut of  ChatGPT in late 2022,  schools and
universities worldwide have begun experimenting with AI  tools in the classroom. By mid-2023,  surveys
showed a remarkable uptake: over 60% of K-12 teachers in the U.S. reported using some form of AI in
their teaching, up from roughly 50% just a few months prior. Likewise, nearly 42% of students had tried
AI to help with schoolwork by 2023.  This sudden adoption reflects how quickly generative AI became
mainstream – practically over one school year, AI went from novel to ubiquitous in many classrooms.

One prominent  example  is  AI  tutoring  systems.  In  2023,  Khan Academy –  a  major  global  e-learning
platform  –  piloted  “Khanmigo,”  an  AI  tutor  built  on  GPT-4,  with  thousands  of  students.  Unlike  past
automated  tutors  that  followed  fixed  scripts,  Khanmigo  engages  in  guided  dialogue,  asking  students
probing questions and giving hints rather than answers. By late 2023, over 28,000 students and teachers were
participating in Khanmigo’s pilot across U.S.  schools,  with enthusiastic feedback that the AI tutor could
encourage deeper thinking and free up teachers for one-on-one mentoring. Similarly, language-learning
apps now use conversational AI avatars for practice, and apps for subjects like math or coding provide step-
by-step guidance adapted to each learner’s pace.
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Personalized  learning driven  by  AI  is  yielding  measurable  gains.  Adaptive  learning  software  can
dynamically adjust content difficulty, provide targeted practice, and identify a student’s misconception in
real time. Meta-analyses of intelligent tutoring systems (pre-generative AI) already found moderately positive
effects  on student  learning outcomes,  often improving test  scores by  0.3 to 0.4 standard deviations on
average – equivalent to moving a median student to the 70th percentile. Early classroom implementations
of generative AI hint at similar benefits:  teachers report previously struggling students becoming more
engaged when they have an AI “study buddy” to get instant explanations from, and advanced students can
delve  deeper  into  enrichment  topics  with  AI’s  support.  One  U.S.  district  that  introduced  an  AI  writing
assistant saw notable improvements in students’ revision habits and writing quality, as the AI could give
personalized feedback at scale.

AI  is  also  helping  educators  automate  administrative  and  grading  tasks,  reducing  workload.  For
instance, many teachers now use AI to generate lesson plans, quizzes, and summaries – tasks that used
to take hours can be done in minutes by AI,  which proposes draft  materials that teachers then refine.
Grading of  routine assignments,  like math problems or grammar exercises,  can be handled by AI  with
decent accuracy,  giving students immediate feedback.  Some universities  have employed AI  graders for
essay questions (with  human oversight),  or  AI  tools  to  flag plagiarism and grammar issues in  student
writing. By handling the drudgery, AI allows teachers to spend more time on creative lesson design or
individual student mentorship. A 2023 educator survey found 84% of teachers who used ChatGPT felt it
positively impacted their classes, citing time saved and improved lesson quality.

Beyond the classroom, AI is expanding educational access. Language translation and speech recognition
AI enable real-time subtitling of lectures and creation of multilingual educational content,  helping non-
native speakers. AI-powered apps are teaching basic literacy and math to children in remote regions with
few  human  teachers  (as  seen  in  some  sub-Saharan  African  pilot  programs).  In  higher  education  and
workforce  training,  virtual  reality  combined  with  AI  tutors  provides  immersive  hands-on  training
simulations for technical skills (e.g. an AI-guided lab experiment simulation for chemistry students).

The  rapid  integration  of  AI  into  education  has  also  raised  challenges.  Academic  integrity is  a  major
concern – by 2023, reports emerged of students using ChatGPT to write essays or do homework, forcing
educators to adapt assessment methods (more oral exams, in-class writing, etc.). In one survey, around 1 in
4 high school students admitted to using AI for cheating at least once, prompting development of AI-detection
tools and new honor code policies. Another challenge is teacher training: while 60% of teachers have tried
AI,  less  than half  feel  prepared to  effectively  integrate  it  into  curricula.  To  address  this,  initiatives  are
underway to provide AI-literacy training for teachers and students alike – covering not only how to use AI
tools, but also their ethical and cognitive implications.

Overall,  since  2020  AI  has  evolved  from  a  futuristic  concept  to  a  daily  presence  in  classrooms.  The
pandemic-induced shift to digital learning accelerated acceptance of AI solutions, and the breakthrough
of  generative  AI  in  2023  made  its  potential  tangible  to  millions  of  teachers  and  learners  overnight.
Education is entering a new era where every student might have a personal AI tutor and every teacher an AI
assistant. If guided responsibly, these tools offer a chance to  reduce educational inequalities (through
personalization and scale)  and enhance learning for all  –  truly  making “one-on-one tutoring at scale”
possible, as visionaries like Sal Khan predict. The next few years will be crucial in refining best practices,
training educators, and setting ethical guardrails, so that AI amplifies human creativity and learning rather
than undermining it.
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Materials Science and Chemistry

In the realm of materials science and chemistry, AI is supercharging the discovery of new materials and
automating laboratory research at an unprecedented pace. A striking breakthrough came in late 2023,
when researchers from DeepMind unveiled an AI system called  GNoME (Graph Networks for Materials
Exploration) that predicted the structures and stabilities of inorganic crystals at massive scale.  GNoME
used deep learning to scour the space of possible crystal compounds, and it remarkably discovered  2.2
million new crystal structures, including about 380,000 predicted to be stable enough for practical use.
This one AI model essentially added what would amount to 800 years’ worth of new materials knowledge in a
single project. Among the stable materials predicted are candidates for future superconductors, battery
electrodes,  and solar  cell  semiconductors –  technologies  that  could  transform computing  and clean
energy.  Importantly,  these  predictions  aren’t  just  theory:  by  2023,  experimental  labs  had  already
synthesized 736 of the AI-predicted new compounds, validating the model’s accuracy. This demonstrates
how AI can drastically speed up materials discovery, guiding scientists where to experiment next.

In tandem, robotic automation in chemistry labs (“self-driving labs”) has advanced with AI’s help. One
example is an AI-driven robotic chemist nicknamed “Synbot,” developed in 2023, which can autonomously
carry out the end-to-end process of synthesizing organic molecules. Synbot’s AI brain plans synthetic routes
for a target compound (choosing reactants and conditions), and a robot executes the steps, while the AI
observes results and iteratively adjusts the plan. In trials, this autonomous system successfully synthesized
several  organic compounds,  even  achieving higher yields than human chemists’  methods for some
steps. Such AI-guided robotics can greatly accelerate R&D by conducting experiments 24/7 without human
intervention, and by exploring more possibilities (reaction conditions, catalysts, etc.) than a human could
manually.  Leading research organizations and companies (like IBM, Mitsubishi,  and various universities)
have set up “self-driving” chemical laboratories where AI models decide which experiment to do next and
robots perform them, creating a closed-loop optimization cycle. This approach is being used to find better
electrolytes for batteries, more efficient photovoltaic materials, and novel polymers, at a fraction of the time
of conventional trial-and-error.

A dramatic illustration of combining AI and robotics came when scientists married DeepMind’s materials
AI with an automated synthesis platform. In late 2023, a team at Lawrence Berkeley National Lab linked
GNoME’s predictions to an autonomous lab (called the “A-Lab”). The A-Lab, a robotic system, can devise
recipes and actually manufacture new materials in the lab without human help . Upon getting candidates
from the AI, the A-Lab set about mixing chemicals, controlling temperatures, and analyzing results to create
some of  the predicted compounds,  all  automatically .  This  kind of  integration foreshadows a future
where AI not only suggests materials,  but immediately makes and tests them – vastly accelerating the
innovation cycle in materials science.

AI’s impact is also evident in computational chemistry. Perhaps the most famous example is DeepMind’s
AlphaFold (2020),  which  solved  the  50-year  grand  challenge  of  predicting  protein  3D  structures  from
amino-acid  sequences.  By  2022,  AlphaFold  had  released  predicted  structures  for  around  200  million
proteins – essentially every protein in dozens of entire organisms’ genomes – providing a treasure trove for
biochemists and drug designers. This achievement, hailed as one of the biggest AI contributions to science,
earned AlphaFold’s creators recognition in the 2023 Lasker Awards and even a mention alongside Nobel
Prize-winning work. While proteins are biological, the underlying AI techniques (deep neural networks and
optimization) are being extended to inorganic chemistry and material physics (as seen with GNoME). 
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Another 2022 milestone was AlphaTensor, an AI that discovered new algorithms for matrix multiplication (a
core math operation) more efficient than any human-devised method in decades. This has implications for
materials modeling because many physics simulations rely on matrix math – faster algorithms can speed up
quantum chemistry calculations and molecular simulations. By improving the  “algorithms of science”, AI is
indirectly boosting materials research throughput.

The period 2020–2025 has thus seen an explosion of AI-augmented capabilities for inventing new substances.
The phrase “materials by design” – long a goal in materials science – is becoming reality, with AI able to sift
huge  compositional  spaces  and  suggest  designs  likely  to  have  desired  properties  (e.g.  hardness,
superconductivity).  For  example,  GNoME  identified  52,000  new  layered  materials  (analogous  to
graphene) which  could  lead  to  breakthroughs  in  electronics,  and  tens  of  thousands  of  potential  new
battery  materials  –  far  beyond what  human researchers  had catalogued.  These developments  promise
faster progress in energy storage, electronics, and chemical manufacturing, as AI helps pinpoint the
best material for a given job much more quickly. 

The rate of progress is striking: what once took years of gradual experimentation (like discovering a single
new alloy or polymer) can now happen in weeks by an AI exhaustively searching options. Companies in the
semiconductor and materials industry are heavily investing in AI to improve chip materials, catalysts for
green fuels, and more. The challenge ahead will be integrating these AI predictions with human intuition
and ensuring lab validation keeps up. But clearly, since 2020 we have entered a new era where AI acts as
an  “accelerant”  for  materials  science,  dramatically  shortening  the  innovation  timeline  for  critical
technologies.

Physics and Space

AI has rapidly become a powerful tool in physics research and space exploration, tackling problems from
controlling plasma in fusion reactors to analyzing cosmic data. A notable breakthrough came in  nuclear
fusion  physics:  in  2022,  scientists  at  DeepMind and  EPFL  developed a  reinforcement  learning  AI  that
learned to  autonomously control the plasma inside a tokamak fusion reactor . Controlling fusion
plasmas  is  exceedingly  complex  (to  keep  hot  plasma  stable  and  away  from  reactor  walls),  but  the  AI
mastered it by training in simulation and then successfully manipulating the magnetic coils on a real reactor
(the TCV tokamak) to achieve various plasma shapes and configurations. This was a world-first demonstration
of AI running a fusion experiment in real time. It could adjust 19 separate coil currents every millisecond,
maintaining stability in configurations that scientists had difficulty sustaining before. The result was hailed
as a significant  step toward eventually  managing fusion reactors for  energy production.  As one fusion
researcher noted, such AI control may  “speed up the path to viable fusion reactors” by allowing more
rapid experimentation with plasma configurations.  Indeed,  Stanford’s  2023 AI  Index highlighted that  AI
models aided progress in hydrogen fusion in 2022, marking how AI is accelerating scientific breakthroughs
that were once painfully slow.

AI is also pushing the frontiers of scientific computing and theory in physics. In late 2022, an AI system
called AlphaTensor discovered faster algorithms for multiplying matrices – a fundamental operation in many
physics simulations. By beating a human record that stood for 50 years, this AI-found algorithm can make
large-scale  simulations  (like  climate  models  or  quantum  physics  calculations)  run  more  efficiently.
Additionally,  AI  has  been  used  to  improve  the  efficiency  of  solving  complex  equations.  For  instance,
physicists applied AI to optimize matrix manipulation operations, and the AI achieved improvements that
could  make  certain  simulations  up  to  20%  faster .  These  advances  might  sound  abstract,  but  they
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significantly reduce computational bottlenecks in fields like fluid dynamics, astrophysics, and materials
modeling, enabling more detailed simulations or quicker results. In one case, AI helped discover a new way
to  approximate  the  solution  to  a  quantum  many-body  problem,  providing  insights  that  could  aid  the
development of quantum materials and superconductors.

In astronomy and space science, machine learning algorithms have become indispensable for coping with
floods of data from telescopes and spacecraft. Since 2020, AI has helped astronomers discover dozens of
new exoplanets by sifting through Kepler and TESS telescope data for the faint signatures of distant planets.
AI image recognition is used to classify galaxies (e.g., the Galaxy Zoo project uses CNNs to categorize galaxy
shapes far faster than human volunteers).  A striking demonstration was when an AI  model  trained on
gravitational wave data detected patterns of colliding black holes and neutron stars that were missed by
traditional analyses, leading to the discovery of new gravitational wave events in archival data. 

In early 2023, NASA reported using AI-based scheduling for the James Webb Space Telescope, optimizing
how it  points  and  when to  switch  targets  to  maximize  scientific  output.  AI  is  also  being  employed  in
spaceflight – e.g., the European Space Agency tested an AI system on an Earth observation satellite for
onboard image analysis,  so the satellite can decide which images are interesting (e.g.,  detecting natural
disasters) and prioritize those for download, rather than sending all data down blindly.

Perhaps the most publicized AI achievement in aerospace came when the U.S. Air Force announced that an
AI had flown a real fighter jet (an F-16) for over 17 hours in late 2022 without human intervention. This
was part of DARPA’s Air Combat Evolution program, moving AI from simulations (where AIs had already
beaten human pilots in virtual dogfights) to real-world flight tests. In one test in 2023, an AI piloting a
modified F-16 even engaged in a live dogfight exercise against a human-piloted F-16, successfully performing
complex maneuvers. These feats demonstrate AI’s increasing capability to handle dynamic, safety-critical
physical systems – not just in controlled lab setups, but in the noisy, unpredictable real world of flight. While
military in nature, the underlying tech has implications for any highly dynamic control problem (from self-
driving cars to robots on factory floors). 

Moreover, AI is contributing to theoretical physics by detecting patterns and suggesting hypotheses. For
example, particle physicists are using AI on Large Hadron Collider (LHC) data to identify anomalous events
that could hint at new particles or forces. AI has helped analyze the massive datasets of collisions far faster,
and with techniques like anomaly detection, it flags “weird” events for scientists to scrutinize. In cosmology,
AI  has  been  used  to  analyze  cosmic  microwave  background  maps  and  galaxy  distributions  to  refine
estimates  of  fundamental  parameters  (like  the  Hubble  constant),  sometimes  finding  subtle  statistical
tensions that warrant new physics models. Even pure math and physics theory have seen AI aid creativity: a
2021 experiment by DeepMind’s AI in mathematics led to conjectures about knot theory and representation
theory, providing mathematicians with fresh insights (some conjectures were later proven).

Overall,  since 2020 AI  has transitioned from being a novelty  in physics to a  ubiquitous assistant and
sometimes autonomous agent.  It  “accelerated scientific progress” in multiple instances by handling the
heavy lifting of computation or control. However, physicists remain cautious – emphasizing that AI should
complement scientific intuition, not replace it. One challenge is ensuring AI models respect physical laws
and produce interpretable results, a growing sub-field termed “science-guided AI”. But given the successes
in  fusion  control,  algorithmic  discovery,  and  data  analysis,  it’s  clear  that  AI  is  now  a  key  player  in
advancing physics – helping tackle both the grand engineering challenges (like fusion energy and space
exploration) and the subtle analytical ones (like sifting signals from noise in the cosmos). The pace is only
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expected to increase as more researchers adopt AI tools,  making previously intractable problems more
tractable.

Transportation & Logistics (Freight & Mobility)

AI-driven automation is rapidly transforming transportation – from self-driving vehicles and robotaxis on
city streets to smart algorithms optimizing global shipping and logistics. In the early 2020s, autonomous
vehicle technology moved from small pilots to larger-scale deployments. By 2023, self-driving taxis were
no longer experimental: Waymo, Google/Alphabet’s autonomous ride-hailing service, was providing over
150,000 driverless rides per week to paying passengers in U.S. cities, and had completed over 10 million
autonomous trips by mid-2025 (up from 5 million at end of 2024) . Waymo’s robotaxis surpassed
100 million miles driven with no human behind the wheel in 2025, doubling their mileage in about six
months as they expanded to new cities . They operate in San Francisco, Phoenix, Los Angeles, Austin,
and more, handling real customer rides in complex traffic. Similarly in China, Baidu’s  Apollo Go robotaxi
fleet was serving riders across numerous cities by 2023, with tens of thousands of rides. These milestones
show that after a decade of R&D, autonomous driving reached a tipping point where rapid, real-world scaling
began  in  earnest.  While  technical  challenges  (and  regulatory  hurdles)  remain,  the  pace  at  which  fully
driverless rides went from near-zero to hundreds of thousands indicates how fast the technology matured
around 2022–2023.

AI  is  also  revolutionizing  the  freight  and  logistics  sector,  often  behind  the  scenes.  Warehouses  and
distribution  centers  have  seen  an  explosion  of  robotics  and  AI  coordination.  E-commerce  giants  like
Amazon now utilize massive fleets of mobile robots for moving goods. Amazon’s robotic fleet grew from
1,000 units in 2013 to over 750,000 by 2023, and surpassed 1 million robots deployed by mid-2025 – a
staggering  growth  in  automated  material  handling.  These  robots,  guided  by  AI  software  (“swarm
intelligence”),  autonomously  ferry  shelves  of  products  to  human  pickers  or  directly  sort  packages,
drastically improving efficiency.  Amazon has even developed  AI foundation models to optimize robot
fleet  movements:  in  2025  they  introduced  “DeepFleet,”  an  AI  traffic  management  system  for  their
warehouse robots, which immediately improved fleet travel efficiency by 10%. AI orchestrates the robots’
routes to reduce congestion and waiting, analogous to a smart city traffic grid but for warehouse bots. This
helps  Amazon fulfill  orders  faster  and  at  lower  cost.  Other  retailers  and  manufacturers  have  similarly
expanded automation – for instance, Ocado in the UK operates AI-run fulfillment centers with swarms of
packing robots, and DHL/UPS are deploying AI for parcel sorting and delivery route optimization.

In  goods transportation,  autonomous and AI-assisted trucks have made significant strides after 2020.
Several companies (Aurora, Waymo Via, TuSimple, etc.) have been testing self-driving trucks on highways,
and by 2023 some launched early commercial pilots hauling freight with minimal human intervention. In
mining  and  heavy  industry,  autonomy  is  even  more  established:  by  early  2024,  more  than  700  large
autonomous  haulage  trucks were  operating  in  mines  worldwide  using  Komatsu’s  AI-powered
FrontRunner system . This is up from about 100 autonomous mining trucks in 2018 – showing a  7×
increase in five years as miners saw productivity and safety benefits. These trucks navigate giant open-pit
mines without drivers, 24/7, hauling ore efficiently and reducing accidents. The accumulated mileage and
reliability of AI in these controlled environments gave confidence to deploy autonomous tech in more open
environments.

On highways, an important milestone was in 2021–2022 when autonomous truck prototypes completed
cross-country runs (e.g., TuSimple’s semi-truck drove ~950 miles from Arizona to Oklahoma without human
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intervention). By 2023,  Aurora (a self-driving tech company) announced plans to launch a fully driverless
trucking service in Texas by late 2024, and had already been hauling freight for pilot customers with safety
drivers in the cab.  Nvidia and Uber Freight partnered to equip thousands of trucks with an AI-powered
self-driving stack, targeting commercial deployment around 2024–2025. Even regulators acknowledged the
pace – the U.S. was grappling in 2023 with how to govern self-driving trucks, as California debated rules
requiring or not requiring drivers present for autonomous semis.

AI-based optimization is also improving  supply chain efficiency beyond vehicles. During the pandemic,
companies turned to AI to better forecast demand and manage inventory when historical patterns broke
down. Retailers use AI to predict purchasing trends, optimizing stock levels and reducing waste. In global
shipping,  AI  routing  systems  chart  cargo  ship  or  air  freight  paths  that  minimize  fuel  or  avoid  port
bottlenecks. Major ports (Rotterdam, Shanghai, etc.) have implemented AI-driven scheduling for loading/
unloading and autonomous port  vehicles that  shift  containers with minimal  human labor.  The result  is
faster turnaround times: for example, Rotterdam’s Maasvlakte 2 terminal, equipped with AI crane control
and robotic trucks, significantly increased throughput per crane relative to older terminals. 

Another domain is  delivery robots and drones.  Small autonomous delivery robots (wheeled robots for
sidewalks, like those by Starship Technologies) have completed millions of last-mile deliveries on college
campuses and city streets by 2023. They use AI to navigate pedestrian environments and are remotely
monitored  by  humans.  Meanwhile,  drone  delivery  saw  trials  become  real  services:  Wing  (an  Alphabet
subsidiary) and Amazon Prime Air have done tens of thousands of drone deliveries of small packages in test
regions (Australia, USA) by 2023, guided by AI for navigation and drop-offs. These numbers are relatively
modest, but regulatory approvals in 2023 (e.g., FAA allowing broader drone operations) pave the way for
scale. 

Crucially,  AI  enables  holistic  optimization in  logistics.  It  can  coordinate  across  transport  modes  –  for
instance, matching shipments to the best transport method given real-time conditions. UPS and FedEx use
AI to dynamically route trucks (their ORION system, improved with AI, saves millions of miles traveled).
Logistics platforms leverage AI to consolidate loads and reduce empty miles for trucking fleets. According
to McKinsey,  by  late  2020s  AI-driven supply  chain  management  could  save costs  by  15% and improve
service levels by similar margins for early adopters, thanks to efficient resource utilization and predictive
maintenance (e.g., predicting when a delivery truck or aircraft needs service to prevent breakdowns).

The rate of progress has been rapid: in 2020, no fully driverless taxis served the public; by 2023, they’re a
reality in multiple cities. In 2020, warehouse robots were growing but far from today’s scale, and now the
largest  firms operate  robot  fleets  in  the  hundreds  of  thousands.  What’s  notable  is  that  AI  systems in
transport  often  demonstrate  a  virtuous  cycle:  more  data  ->  better  AI  performance  ->  safer  and  more
efficient operations -> justification for larger deployment -> even more data. Waymo’s doubling of driverless
miles within six months in 2025 exemplifies this accelerating returns effect . 

Challenges remain, of course. Self-driving cars have faced incidents and are under close regulatory scrutiny
(e.g., a few high-profile accidents in San Francisco raised concerns). Truckers and warehouse workers worry
about displacement by automation. Labor unions and lawmakers are calling for retraining programs and in
some cases, limits (for instance, a 2023 California bill sought to mandate a human safety driver in heavy
autonomous trucks, reflecting job protection concerns). The industry position is that AI will handle the dull
and dangerous tasks, while humans will still supervise and handle complex cases – and indeed new tech
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jobs  are  being  created  (like  remote  robotaxi  operators,  drone  fleet  managers,  and  warehouse  robot
technicians). 

Nonetheless,  the  empirical  trend  is  clear:  AI  is  propelling  logistics  toward greater  automation and
efficiency at a remarkable pace. We’re seeing things that once sounded like science fiction – taxis with no
driver, warehouses where robots outnumber people – become routine. Analysts estimate these advances
could unlock hundreds of billions in economic value (one McKinsey study pegs autonomous vehicles and
logistics  AI  as  a  ~$300–400  billion  opportunity  by  2035).  Beyond economics,  they  promise  safer  roads
(human error causes ~90% of accidents, which AI driving could reduce), faster delivery of goods, and more
resilient supply chains. The early 2020s will be remembered as the period when  transportation crossed
the threshold into the AI-driven era.

Manufacturing & Industrial Robotics

AI-driven automation in manufacturing has accelerated rapidly, leading to smarter factories and a surge in
industrial robot deployment.  Global robot adoption hit record highs in this period. In 2022, worldwide
factory robot installations exceeded 553,000 units (a new peak,  up 5% from 2021),  and in 2023 annual
installations stayed around ~541,000 (just slightly below the 2022 record). As a result, the operational stock
of industrial robots globally reached about  4.28 million units in 2023, a 10% increase over the previous
year and more than double the installed base of 2015. Put simply, factories worldwide are adding robots at
an  unprecedented  rate,  continuing  a  trend  where  the  global  average  robot  density (robots  per  10,000
workers) doubled in just seven years – from 74 in 2016 to 162 robots per 10,000 employees in 2023. Key
manufacturing economies like China have driven this boom: China installed ~290,000 robots in 2022 alone,
and its total  operational  stock neared 1.8 million (the first  country to pass that mark),  reflecting heavy
investment in automation to address labor costs and output quality.

Modern industrial robots are also far more intelligent and versatile thanks to AI. Traditional robots were
blind and followed pre-programmed motions. Now, AI-powered machine vision allows robots to see and
adapt. A prime example is Amazon’s new robotic arm “Vulcan”, revealed in 2025, which features a sense
of touch and advanced AI vision.  Vulcan can identify and grasp about  75% of all  items in Amazon’s
inventory – including many deformable or oddly shaped products that previously could only be handled by
humans – marking a  “fundamental leap forward in robotics,” according to Amazon’s robotics director. The
robot’s AI lets it determine how to pick up items by both sight and touch, adjusting grip as needed. This
development inches closer to fully automated order fulfillment; Amazon plans to deploy Vulcan globally in
its warehouses in coming years. Beyond Amazon, factories are adopting AI-enabled collaborative robots
(cobots) that work alongside humans, detecting and reacting to workers’ presence to ensure safety. These
cobots can learn tasks by demonstration (using AI to generalize from a human moving its arm) and are
flexible for quick reprogramming to new tasks, suiting high-mix production environments.

AI  is  also optimizing  production processes and quality control.  Manufacturers leverage AI to analyze
sensor data from machines in real time, enabling predictive maintenance – identifying equipment likely to fail
before it happens. This has reduced downtime significantly; for instance, Siemens reported that AI-based
predictive systems in their gas turbine factories cut unplanned downtime by up to 20% and saved tens of
millions of dollars annually. In quality inspection, AI-powered vision systems now catch defects that are hard
for humans to see. By 2023, many electronics and automotive plants deployed AI cameras on the line that
can  spot  tiny  paint  flaws,  microcracks,  or  misalignments  at  high  speed,  improving  yields.  AI  control
algorithms (“digital  twin”  simulations)  can automatically  adjust  machine  parameters  on the  fly  to  keep
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output  within  spec,  essentially  self-optimizing  production.  According  to  the  2025  Stanford  AI  Index,
implementing  AI  to  optimize  factory  processes  can  reduce  energy  consumption,  waste,  and  carbon
emissions by 30–50% compared to traditional methods – a huge gain in efficiency and sustainability.

The frontier of automation is expanding from structured, repetitive tasks to more complex ones thanks to
AI. Robots have long performed welding, painting, and simple assembly on automotive lines. Now, AI is
enabling automation of  tasks  like  cable  routing,  electronic  assembly,  and even tailoring clothes  –  jobs
previously too fiddly for machines. For example, a startup in 2023 introduced an AI-driven sewing robot that
can  adjust  to  fabric  distortions  in  real  time,  potentially  automating  apparel  manufacturing  which  had
resisted robotics. In electronics, AI-guided robots can now pick and place tiny components on circuit boards
with  fine  dexterity  and  adjust  for  slight  variations,  something  that  used  to  require  human  hands  for
prototypes or small batches. In pharmaceuticals, robotic systems handle the formulation and filling of drug
vials, guided by AI vision to ensure sterility and accuracy.

A major trend is  “lights-out” manufacturing – factories that can operate 24/7 with little to no human
presence. While fully lights-out facilities are still rare, some sectors have achieved it for stretches of time.
Notably, FANUC (a robot maker) has a section of its factory that reportedly ran unsupervised for weeks, with
robots  building  other  robots,  only  stopping  when  raw  materials  needed  replenishing.  Similarly,  an
electronics  plant  in  China  run  by  Foxconn experimented  with  a  nearly  human-free  production  line  for
certain  smartphone  components;  they  saw  productivity  jump  and  defect  rates  fall,  with  AI  systems
monitoring quality continuously. By 2025, hundreds of factories globally have partially lights-out shifts –
e.g., running overnight with just a skeleton crew supervising multiple AI-managed production cells.

However, the rapid adoption of AI and robotics in manufacturing brings workforce implications. Robots are
indeed taking over many routine jobs on the factory floor – for instance, one study noted that at Amazon,
the number of robots might outnumber human workers in warehouses by 2030 at current growth rates. A
2023 Goldman Sachs analysis speculated that globally, 300 million jobs could be automated by 2030 due to AI
across sectors, with many being manufacturing roles. This has raised concerns and is fueling efforts to
retrain  workers  for  higher-skilled  roles  (robot  maintenance,  programming,  etc.).  On  the  flip  side,
automation tends to drive productivity which can create new jobs in the wider economy; and entirely new
roles like “AI systems engineer” or “robotics technician” are in high demand. Countries like Germany and
South Korea (leaders in robot density) have unemployment near historic lows, suggesting that while tasks
change, overall  employment can remain robust if  the transition is managed. Still,  ensuring workers can
upskill to work alongside AI is a key challenge for the next decade.

In  summary,  from  2020  to  2025  manufacturing  has  seen  unprecedented  automation  gains.  The
combination of cheap sensors, powerful AI algorithms, and more affordable robots created the perfect
environment for an automation boom. As one indicator, the International Federation of Robotics noted that
despite global economic headwinds, there’s “no indication the long-term growth trend [in robot adoption]
will end soon – rather the contrary”. The frontier is also shifting: industry is moving beyond just using AI to
operate machines, to using AI in design (generative design of products), supply chain logistics (as discussed
earlier),  and  even  management  (factories  where  AI  schedules  workflows  and  allocates  resources
dynamically). These advances mean products can be made faster, cheaper, and often with fewer defects. If
the trajectory continues, we may see fully autonomous factories for certain products by the late 2020s,
fundamentally altering how goods are produced worldwide.
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Finance & Business

Across the finance sector and general  business operations,  AI  has rapidly become a game-changer for
efficiency, decision support, and new services. Adoption of AI in financial services has accelerated since
2020, with firms investing heavily in AI capabilities. In 2023 alone, banks, insurers, and other financial firms
spent an estimated  $35 billion on AI solutions – from machine learning models for risk assessment to
customer-facing  chatbots  –  and  this  investment  is  projected  to  keep  rising  sharply.  By  2024,  AI  was
mainstream enough that 78% of large companies globally reported integrating AI into their business
processes, up from 55% a year earlier. This surge reflects both competitive pressure (no firm wants to fall
behind in AI) and proven value, as multiple studies have shown AI can significantly boost productivity in
white-collar work.

In  banking and wealth management,  AI is employed for everything from fraud detection to portfolio
management. Banks like JPMorgan Chase use AI to monitor transactions for suspicious activity in real-time,
catching fraud patterns that rules-based systems missed. AI-based credit scoring models (using alternative
data and sophisticated pattern analysis) are expanding loan access in some markets by more accurately
predicting repayment likelihood than traditional credit bureau scores, especially for thin-file customers. On
the customer service  side,  nearly  every  major  bank has  deployed  AI chatbots or  voice  assistants.  For
example,  Bank  of  America’s  chatbot  “Erica”  surpassed  1  billion  customer  interactions  by  2023,  helping
customers  with  basic  inquiries  and  money  management  tips  through  natural  conversations.  These  AI
assistants handle millions of routine inquiries monthly, reducing call center loads and improving response
times.

A headline development in 2023 was the integration of GPT-4 and other advanced language models into
finance workflows. Morgan Stanley Wealth Management partnered with OpenAI to create an internal
AI  assistant  that  helps  its  16,000 financial  advisors  quickly  answer  complex  client  questions.  This  tool,
launched  in  September  2023,  was  built  on  GPT-4  and  trained  exclusively  on  Morgan  Stanley’s  vast
knowledge base (research reports, market data, etc.). Advisors can query it in plain language – e.g. “What
are the implications of the latest Fed rate hike on tech stocks?” – and the AI will retrieve and summarize
relevant analysis from internal  documents.  The reception was extremely positive:  within weeks,  98% of
Morgan Stanley’s advisor teams had adopted the AI assistant, and the firm stated it “drives immense
efficiency in an advisor’s day-to-day” by saving time on information gathering. The assistant (nicknamed
“AskResearchGPT”) can surface insights from 70,000+ research reports published annually, functioning like a
tailored smart search engine with memory. Morgan Stanley is now extending AI to other use cases, like an
AI (called “Debrief”) that automatically writes up meeting notes and action items after client calls – tests
showed the AI’s notes were “significantly better than those by analysts” and could save each advisor 2–4
hours of drudge work per day.

JPMorgan has similarly embraced AI at scale. In 2023 the bank revealed it had developed a proprietary large
language model called “ChatCFO” to assist its finance division. JPMorgan is also reportedly  training every
new hire on how to use AI tools. At a 2023 investor day, JPMorgan executives shared that bankers were using
AI to “reduce time spent hunting and pecking” for information, accelerating tasks like finding data on potential
investments, which saved some analysts  2–4 hours per day of routine work. They estimated that AI use
cases across JPMorgan were valued at $1–1.5 billion in annual business impact, and that AI would be “very,
very impactful” for roughly 140,000 roles (developers, operations staff, call-center reps) – almost half the
bank’s workforce. In other words, JPMorgan expects AI to augment the productivity of a huge swath of its
employees, not replace them outright but allow them to handle more volume and complex tasks.
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Financial trading and asset management have been early adopters of AI, and they’ve only ramped up. By
2025, an estimated 60–70% of equity trading volume is driven by algorithms that often include machine
learning components for pattern recognition. AI models ingest news feeds, social media sentiment, satellite
data (like parking lot traffic at retail stores), etc., to inform trading decisions in milliseconds. Hedge funds
use  AI  to  constantly  refine  strategies  –  for  example,  Bridgewater’s  AI  models  test  myriad  economic
scenarios  to  guide  its  moves.  In  portfolio  management,  robo-advisors  like  Betterment  and  Schwab’s
Intelligent  Portfolios  have  grown  assets  under  management  by  double  digits  annually,  using  AI  to
automatically rebalance and tax-optimize investments for millions of customers. 

Insurance companies, too, leverage AI for more accurate underwriting and faster claims. By 2023, many
insurers use AI to analyze photos for auto claims – an adjuster can upload accident photos and an AI
computer vision model estimates repair costs in minutes. This speeds up claims settlement significantly. AI
fraud detection in insurance has also grown; models comb through claims data to flag likely fraud (for
instance, detecting if the same hospital report is used in multiple claims). Some life insurers started using AI
with wearables data to offer dynamic premium discounts for healthy behavior,  blending insurtech with
wellness.

In  the  broader  corporate  world,  AI  is  acting  as  a  force  multiplier  for  business  functions.  Consider
marketing and sales:  AI  tools analyze customer data to predict  churn or identify upsell  opportunities,
enabling  targeted  retention  campaigns.  Generative  AI  is  now  writing  marketing  copy  and  creating
personalized  product  recommendations  at  scale  –  for  example,  e-commerce  sites  use  AI  to  generate
tailored product descriptions based on user attributes, and A/B test them in real time. A Deloitte study in
2023 found that 94% of brands working with online content creators were using or planning to use generative AI
in their content production pipeline. This might mean using AI to generate draft social media posts, video
scripts,  or  even  virtual  influencers.  In  customer  service,  beyond  chatbots,  AI  voice  agents  handle  an
increasing share of calls. By 2022, AI voice assistants (with natural-sounding speech) at airlines and banks
could handle tasks like rescheduling a flight or resetting a password without human reps, and seamlessly
hand off complex issues to humans. One example is Delta Airlines’ AI-driven phone assistant which, during
the holiday rush, managed hundreds of thousands of calls and resolved many entirely through AI, cutting
average wait times.

Human resources and operations are also seeing AI assistance. Companies use AI resume screeners (with
care to mitigate bias) to winnow large applicant pools. Some interview processes now involve AI avatars
conducting initial  interviews,  analyzing candidates’  responses and even facial  cues to provide fit  scores
(though this remains controversial). In operations, AI helps with demand forecasting (reducing inventory
costs) and with procurement (some firms use AI to automatically analyze supplier bids and flag the best
choices). Microsoft integrated an “AI copilot” into Office apps in 2023, meaning features like Outlook can
summarize lengthy email threads or draft replies, Excel can generate formulas or charts based on plain
English  prompts,  etc.  Early  adopters  report  significant  time  saved  –  one  study  found  that  junior
consultants  using  an  AI  assistant  for  writing  tasks  completed  their  work  40%  faster than  those
without, and produced outputs rated higher quality on average. 

This all contributes to a measurable productivity boost. McKinsey estimated in mid-2023 that generative AI
could add 0.2–0.3 percentage points to annual global productivity growth in the next decade, even if only
half of its potential is realized. That is a big deal given global productivity growth rates are often around 1–
2%. The idea is that AI can automate or assist in a large portion of  “knowledge work” – writing, research,
analysis, planning – which was previously hard to speed up. The Stanford AI Index 2025 noted multiple
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studies  showing  AI  assistance  tends  to  help  lower-skill  workers  improve  performance
disproportionately, thereby narrowing skill gaps. For instance, one randomized trial at a tech support call
center found that average agents with an AI tool handled calls as effectively as more experienced agents
(the AI provided recommended solutions in real time based on similar past cases), lifting overall productivity
and consistency of service.

Of course, the finance and business world must address risks and ethical considerations of AI adoption.
Concerns about data privacy are paramount when using customer data for AI – regulators in Europe and
elsewhere have tightened rules on how banks can use personal data in AI models. There’s also the model
risk: if an AI makes a faulty recommendation (say, approves a bad loan or an investment strategy), who is
accountable?  Financial  institutions  are  developing  “responsible  AI”  frameworks –  for  example,  requiring
explainability  for  AI  decisions,  stress-testing  AI  models  under  different  scenarios,  and  having  human
override mechanisms. The bias in AI decisions (like biased lending) is another major issue; hence many
firms run bias audits on their algorithms. 

Another headline in 2023 were the  layoffs in certain white-collar roles partly attributed to AI efficiency
gains. For example, a few media companies and banks announced staff reductions in routine analyst roles,
saying that  AI-enabled automation means they need fewer people for  tasks  like  generating reports  or
coding basic software (IBM’s CEO commented in 2023 they might pause hiring for back-office roles that AI
could fill in coming years). At the same time, demand for AI-savvy talent is booming – job postings for AI-
related skills increased across virtually every industry (the AI Index reported the share of AI job postings
rose in every U.S. industrial sector except agriculture in 2022). Roles like data scientists, ML engineers, and AI
ethics specialists are in high demand, and even roles like marketing or finance now often ask for ability to
use AI tools.

In summary, from 2020 to 2025 AI became an integral asset in the business toolkit, especially in finance.
It’s handling billions of dollars, advising human decisions with superhuman breadth of information, and
crunching data at  speeds impossible for  employees.  Many routine cognitive tasks in offices have been
“outsourced” to AI co-workers. The speed of this change is evident: a task like writing a 10-page market
analysis that might have taken a junior analyst a full day in 2020 could be done in 2 hours in 2023 with an AI
drafting most of it and the analyst refining it. For companies, that means faster turnaround, more projects
handled in parallel, and often better outcomes due to AI’s data-driven insights. As  one Fortune 500 CEO
put it,  “AI  is  not just hype now – real  money is  going into it  and real  productivity is  coming out”.  The
competitive landscape is such that those who harness AI are leaping ahead, and those who don’t risk falling
behind, which is fueling even further adoption in a self-reinforcing cycle.

Law & Legal Services

Traditionally, the legal industry has been slow to adopt new technology – but AI has broken through that
resistance, advancing the capabilities of lawyers and legal services remarkably fast since 2020. Generative
AI  in  particular  had  a  breakthrough  in  the  legal  field  in  2023,  with  major  law  firms  deploying  AI
assistants to help lawyers research and draft documents.  A leading example is the global firm  Allen &
Overy, which in February 2023 announced it was rolling out a GPT-based AI platform called  “Harvey” to
more than 3,500 lawyers and staff across 43 offices. Harvey, built on OpenAI’s GPT-4, can understand legal
queries and generate answers or first drafts by drawing on its training in vast legal datasets. During a trial
period, A&O’s lawyers asked Harvey around 40,000 questions related to their client work (from contract
summaries to regulatory research) and found it greatly improved speed and efficiency. This  marked the
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first large-scale deployment of generative AI at a top law firm, and it signaled a broader change. By
April 2023, the startup behind Harvey secured new funding, with over 15,000 law firms on its waitlist to
get access to such AI legal tools. In other words, essentially the entire industry realized it needed to jump on
this technology. 

Other  prominent  firms quickly  followed.  In  March 2023,  rival  law giant  PwC (which has a large legal
services arm) announced it would give  4,000 of its legal professionals access to Harvey for tasks like
contract analysis and due diligence. Many firms adopted  Casetext’s “CoCounsel,” another GPT-4-based
legal  assistant  launched  in  2023,  which  can  speed  up  legal  research,  contract  review,  and  document
drafting. DLA Piper (a huge firm) was one of several to sign on with CoCounsel, describing the AI push as
“an arms race – you don’t want to be the last firm without these tools”. Even more traditional firms that were
cautious have begun pilot projects or in-house AI developments: e.g., Holland & Knight is building an AI tool
to help lawyers review and edit credit agreements faster, and Baker McKenzie integrated language models
into client services on a pilot basis. By late 2023, it became routine for associates at many firms to use AI to
get a first draft of a memo or contract clause, which they then refine – a task that used to start from a blank
page.

Not only can these AI  systems draft  text,  they’re proving adept at  legal  research.  An AI  like Harvey or
CoCounsel can parse a question like “What are the key differences between the GDPR and CCPA privacy
regimes regarding data breach notification?” and produce a pertinent answer with references to statutes
and case law, in seconds, which might take a junior lawyer many hours to compile.  Importantly,  GPT-4
passed the Multistate Bar Exam (MBE) in 2023 at a score in roughly the top 10% of human test-takers. This
demonstrated  that  current  AI  can  handle  complex  legal  reasoning  and  knowledge  of  law  topics  to  a
significant degree. While that doesn’t make AI a lawyer, it gives lawyers a starting confidence in the AI’s
capabilities. 

A clear impact is on  efficiency and billable hours. Many mundane billable tasks (document review, first
drafts,  legal  research)  that  junior  attorneys  did  are  becoming semi-automated.  For  instance,  an  Orrick
associate using CoCounsel to review a stack of contracts for specific clauses can do it in a fraction of the
time. Firms are navigating how to charge for AI-augmented work – some are shifting to flat-fee models for
tasks that AI speeds up. The result for clients should be  cheaper and faster legal services for routine
matters. An NDA that might’ve cost $1000 to draft might cost $100 if mostly done by AI in minutes. It also
potentially frees lawyers to focus on higher-value strategic advice and courtroom work.

The judicial system is also experimenting with AI.  Legal research databases like Westlaw and LexisNexis
integrated AI chat features by 2023, so attorneys can query case law in natural language. Courts in some
regions use AI to assist with scheduling and case management (for example, AI tools help triage backlogs
by predicting which cases might settle versus need trial). However, more controversial uses – like “AI judges”
or  algorithms  for  sentencing  decisions  –  remain  limited  and  debated  due  to  ethical  concerns.  One
exception: some jurisdictions’ small disputes courts have piloted AI mediators or recommendation systems.
In 2020, an AI was reportedly used in a court in China to recommend decisions in routine cases (under
human judge oversight), though details are scarce.

In contracting and corporate law, AI-based contract analysis became quite standard. By 2025, most large
enterprises  use  AI  contract  review  software  (like  Luminance  or  Kira  Systems)  when  onboarding  new
contracts – the AI flags deviations from standard terms or risky clauses for the lawyers to focus on. This cuts
review time by 50% or more. During M&A due diligence, AI can swiftly analyze thousands of contracts to
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identify change-of-control clauses or consent requirements, which is enormously time-saving in large deals.
These tools existed pre-2020, but the past few years saw their accuracy and adoption improve drastically;
many law firms now partner with such tech providers or have built their own AI review tools.

Access to justice could also improve via AI. There are startups offering AI-powered legal advice bots for
simpler legal  issues (parking ticket  appeals,  landlord-tenant disputes,  filing small  claims).  DoNotPay,  for
instance, developed an AI legal assistant that can guide users through contesting fines or drafting letters. In
2023, DoNotPay claimed to have an AI ready to  argue in a traffic court on behalf of a defendant via
earbuds,  though  the  stunt  was  halted  due  to  court  rules  forbidding  unlicensed  practice  of  law.
Nonetheless,  these  developments  hint  at  a  future  where  many  common  legal  needs  (writing  a  will,
contesting a bill, etc.) might be served by affordable AI tools, narrowing the justice gap for those who can’t
afford human lawyers.  Already, some  legal aid organizations use AI to help process intakes and draft
forms for clients (for example, an AI might help someone fill out a bankruptcy filing by asking questions and
populating the forms).

Despite  the  enthusiasm,  the  legal  industry  is  approaching  AI  with  caution  regarding  accuracy,
confidentiality,  and ethics.  Early  in  2023,  a  pair  of  lawyers  made headlines  (and faced sanctions)  for
submitting a brief written by ChatGPT that cited fake case law – a sober reminder that AI can “hallucinate”
and must be verified. Law firms have since set policies: AI outputs must be treated as a first draft, not final
work;  all  citations  and  content  must  be  manually  checked.  Many  have  also  addressed  confidentiality:
feeding client information into public AI APIs is risky, so firms use either private/local models or ensure any
AI vendor has strong confidentiality protections. Some firms explicitly ban use of AI on sensitive matters
until  those  issues  are  ironed out.  Bar  associations  in  several  countries  released guidelines  in  2023 on
responsible use of AI, emphasizing lawyer supervision and the need to avoid unauthorized practice of law
by non-lawyers (or non-humans).

There  are  also  new  legal  questions  arising  from  AI.  Intellectual  property  law  is  grappling  with  AI-
generated content – e.g., can something created by AI be copyrighted, and if so, who is the author? (In
2023, the U.S. Copyright Office clarified that works with AI contributions may have only partial copyright if
there was substantial  human creativity  in selection or arrangement).  Data privacy laws like GDPR have
provisions  about  automated  decision-making  that  might  apply  to  AI  systems  used  in  hiring  or  credit
decisions,  so lawyers are advising clients on compliance there.  Additionally,  AI is becoming a topic in
litigation: cases have been filed over bias in AI algorithms, and over misuse of artists’ works to train AI
(class actions against AI art/music generators for training on copyrighted data without permission).

In summary, the past few years have seen an unprecedented adoption of AI in law, a field known for
volumes of text and the need for precise language – exactly where large language models excel. Lawyers
are using AI to be more efficient, which could reduce costs for clients and free lawyers to do more high-level
work. As 1Ls jokingly remark now, “maybe AI can handle the grunt work of doc review so we don’t have to.”
The sector went from almost no AI usage to, by 2023, what one might call  augmented lawyering as a new
norm. One senior partner quipped that failing to use AI would be like “still using a typewriter in 2000” – it’s
simply becoming part of the expected toolkit. Moving forward, the legal profession is focusing on how to
integrate AI ethically and effectively, so that justice is administered by humans with AI as an aid, not by
AI alone, preserving the human judgment at the core of legal systems. But there’s no doubt that what used
to  take  a  team of  junior  associates  weeks  can  now be  done  in  days  with  AI  –  a  sea  change  in  legal
capabilities and service delivery.
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Agriculture

AI  and  robotics  are  fostering  a  new  era  of  “smart  farming”,  boosting  agricultural  productivity  and
efficiency since 2020. One of the most visible advancements was the introduction of  autonomous farm
machines.  At  CES  2022,  John  Deere  unveiled  the  world’s  first  fully  autonomous  tractor available  for
general use – a version of its 8R tractor equipped with six pairs of stereo cameras and advanced AI for
navigation  and  obstacle  detection.  This  tractor  can  plow,  sow,  or  till  fields  with  no  driver  in  the  cab,
controlled  remotely  via  a  smartphone  app.  By  2023,  John  Deere  and  other  equipment  makers  (CNH
Industrial, AGCO) had begun selling or trialing such self-driving tractors and combines in farming regions
across the U.S., Europe, and Australia. Farmers who’ve used them report being able to supervise multiple
tractors at once, or let the tractor work overnight autonomously. Deere’s leadership has openly stated an
ambitious goal: to make all major farming tasks (plowing, planting, fertilizing, spraying, harvesting) autonomous
by  the  end  of  this  decade.  They’re  well  on  their  way  –  in  January  2025  Deere  announced  new lines  of
autonomous-ready equipment, including an autonomous sprayer and even an autonomous electric mower
for orchards . These machines leverage AI computer vision to navigate and identify crop rows, and can
make decisions like halting if an animal wanders into the field.

The adoption of precision agriculture technology, which often includes AI, has grown substantially. As of the
mid-2020s, roughly 30% of U.S. farms use some form of precision ag (like GPS-guided equipment or AI-
based analytics) according to industry surveys. Larger commercial farms lead the way, but even smaller
farms benefit from smartphone-based AI apps that can, say, analyze a photo of a plant leaf for disease.
Startups and cooperative extensions have deployed AI crop scouting drones that fly over fields capturing
multispectral images; AI models then detect issues like pest infestations, nutrient deficiencies, or irrigation
problems by the color and pattern changes in crop foliage. This allows farmers to take targeted action (e.g.,
only spraying pesticide where needed instead of whole-field).

Robotic harvesters and field robots have also advanced quickly post-2020. Harvesting certain fruits and
vegetables (like strawberries, apples, tomatoes) is labor-intensive and faced labor shortages in recent years.
AI-driven  robotic  harvesters  came  to  market  to  address  this:  e.g.,  a  company  called  Traptic  deploys
strawberry-picking robots in California that use AI vision to identify ripe strawberries and robotic grippers
to pluck them without bruising. By 2023, Traptic robots were harvesting berries on several large farms,
picking berries day and night. There are also apple-picking robots (e.g., from Abundant Robotics and Tevel
Aerobotics) that can navigate orchards and pick apples using vacuum or pincers – these were in pilot use in
Washington state and New Zealand by 2022–2023, proving capable of harvesting a significant portion of the
crop. While still not as fast as human pickers in all conditions, each generation of these robots, improved by
better AI  calibration and mechanical  design,  narrows the gap.  Given chronic farm labor shortages and
rising wages, many growers see automation as essential, and governments in countries like Japan (which
heavily funds agricultural robotics) and Israel are supporting development in this area.

In  crop management, AI is optimizing inputs and improving yields. “Smart tractors” and sprayers use AI
cameras (like the John Deere  See & Spray system) to distinguish crops from weeds in real time and only
spray  herbicide  on  the  weeds.  Deere’s  See  &  Spray,  rolled  out  in  2022  on  cotton  and soybean farms,
reportedly reduces herbicide use by ~80% – an environmental and cost win. AI-based irrigation systems
take in weather forecasts,  soil  sensor data,  and crop models  to decide when and how much to water,
preventing overwatering and saving water (critical in drought-prone areas). An example is an Israeli agri-
tech firm’s AI irrigation that led to 30% water savings in pilot programs on vineyards and almond orchards
by 2021. Greenhouses and vertical farms are using AI to monitor plant health and adjust lighting/nutrients;
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some  hydroponic  lettuce  farms  have  nearly  fully  automated  climate  control  with  AI,  resulting  in  very
consistent output year-round.

Livestock farming is also seeing AI adoption. Computer vision monitors in dairy barns watch cows for signs
of  lameness  or  illness  (early  detection  of  a  cow not  feeding  or  moving  normally),  alerting  farmers  to
intervene sooner. AI systems also analyze the sound of chicken flocks to detect distress or disease onset.
These applications improve animal welfare and farm productivity by reducing mortality and boosting yields
(milk  output,  etc.).  By  2025,  many large dairies  have AI-equipped robotic  milking stations,  where cows
voluntarily get milked and the robot uses lasers and vision to attach milking cups – AI ensures proper
alignment and hygiene, customizing milking per cow’s condition.

A  notable  growth area  is  agricultural  drones and UAVs.  The number  of  farming drones  in  use  grew
exponentially in this period. These drones, often guided by AI, perform tasks like aerial pesticide spraying
(common in Asia – by 2023, China had over 100,000 spraying drones in use), planting seeds for reforestation
or cover crops, and imaging fields for insurance or agronomic advice. AI route-planning allows drones to
cover irregularly shaped fields efficiently and to adjust spray in real-time based on vision (e.g., heavier on
dense pest patches, lighter elsewhere). Companies like DJI and Yamaha expanded agri-drone offerings, and
even smallholder farmers in India or Africa began using drone services provided by agri-tech startups for
crop spraying, which reduces human exposure to chemicals and can be done faster than manual methods.

The market for autonomous and AI farming equipment is rapidly growing. Market research estimates
show the autonomous tractors segment was valued around $1.5 billion in 2022 and is projected to grow
~18% annually through 2032,  reaching multi-billion-dollar  size as farmers replace old equipment with
smarter  versions.  The  overall  “smart  agriculture”  market  (AI  +  IoT  in  farming)  is  likewise  booming,
anticipated to tens of billions of dollars by the late 2020s. This is global – while U.S. companies like John
Deere lead, firms in Europe (Bosch, CNH),  Asia (Kubota in Japan working on autonomous rice planters,
Chinese drone companies, Indian AI farm advisory apps) are all pushing AI in agriculture.

With these advances come benefits: higher yields with less input, lower labor costs, and potentially reduced
environmental footprint of farming. For example,  AI-optimized precision farming can significantly cut
fertilizer and chemical runoff by only applying what's needed where it's needed, helping sustainability.
There are also societal implications: rural demographics might shift as fewer workers are needed in fields –
already the average age of farmers is high, and automation could alleviate labor shortages but also means
rural job programs must emphasize tech and machine maintenance skills. Some worry about consolidation
(large, tech-enabled farms outcompeting smaller traditional ones), but conversely, affordable AI tools (like
smartphone apps) could empower small  farmers with knowledge (e.g.,  an AI agronomy advisor in your
pocket).

In short, since 2020 agriculture is undergoing a tech-driven transformation, often dubbed the “Fourth
Agricultural Revolution.” AI and robotics are allowing farmers to do more with less – less land, less water,
less  chemicals  –  which  is  crucial  as  the  world  faces  the  challenge  of  feeding  a  growing  population
sustainably.  As  John Deere’s  CFO said,  “Think  about  every  step  a  farmer  does...  we  will  make  all  of  those
autonomous” in the near future. That bold vision appears increasingly credible given the strides of the past
few  years.  From  self-driving  tractors  to  AI  agronomists,  the  fruits  of  AI  innovation  are  literally  being
harvested in farm fields around the world at an accelerating pace.
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Energy & Utilities

The energy sector – including power generation, grid management, and resource extraction – has seen AI-
driven improvements  in  efficiency,  optimization,  and reliability.  As  countries  push  for  cleaner  and
smarter  energy,  AI  has  become  a  key  enabling  technology.  One  major  area  is  the  optimization  of
electricity grids and renewable energy integration.  Power grids are notoriously complex to balance,
especially  with  the  influx  of  intermittent  solar  and  wind  power.  AI  techniques  are  now  used  by  grid
operators  to  predict  demand,  forecast  renewable  output,  and  dispatch  resources  more  optimally.  For
instance, AI can forecast energy demand and renewable generation far more accurately by analyzing
weather data, historical usage patterns, and even events (like big sports games) – some utilities report AI
load forecasting models that are twice as accurate as previous methods. This helps avoid over-generation
and reduces the need for spinning reserve capacity. The World Economic Forum noted that AI is being used
to stabilize grids, forecast energy demand, and minimize waste in the clean energy transition. In practice, that
means fewer blackouts and brownouts and better matching of supply with demand in real time.

Renewable  energy management specifically  benefits  hugely  from AI.  Wind farm operators  use  AI  to
perform predictive maintenance on turbines – sensors on turbines feed into AI models that can predict
failures weeks in advance by detecting subtle vibration or temperature anomalies.  This has cut turbine
downtime  and  maintenance  costs  significantly  (e.g.,  Google’s  DeepMind  partnered  with  wind  farm
operators  and  improved  value  by  timing  energy  sales  based  on  AI  predictions  of  output,  reportedly
boosting revenues by ~20% for those farms). Solar farms employ AI to control arrays of mirrors or panels to
maximize output (heliostat  aiming in concentrated solar  power plants is  now often AI-optimized).  Also,
when clouds roll in, AI can quickly adjust battery storage or backup generators to fill the solar gap. A 2023
study in  Environmental Chemistry Letters found that applying AI for process optimization in factories and
power management could reduce energy consumption and carbon emissions by 30–50% versus traditional
methods, showing the potential impact on sustainability.

AI-powered smart grids are emerging in both the EU and US. For example, in 2021–2022, parts of Texas
and California’s grids began using AI for dynamic voltage control to better handle the rapid evening solar
drop-off (the  “duck  curve”).  By  autonomously  controlling  capacitor  banks  and other  equipment,  the  AI
smooths out voltage and frequency fluctuations. Europe has several pilot “smart grid communities” where
home smart meters, electric vehicle chargers, and neighborhood batteries are coordinated by AI to shave
peak loads and use more solar when it’s abundant. Residents might get incentives to shift consumption (like
running washers at noon when solar is plenty), with AI managing those price signals and device controls.
One project  in  the UK (Project  Oxfordshire)  in  2023 demonstrated that  a  combination of  AI  and smart
appliances could cut peak grid load by ~15% in a neighborhood without users noticing much difference,
highlighting how AI can yield a more efficient, resilient grid.

Energy  storage  optimization is  another  critical  AI  application.  Operating  big  battery  banks  or  even
pumped hydro storage efficiently is complex – deciding when to charge or discharge to maximize economic
value and grid stability is a perfect AI problem (a mix of prediction and optimization under uncertainty).
Companies  now  use  AI  algorithms  to  operate  utility-scale  battery  farms,  earning  more  revenue  by
responding  faster  and  more  precisely  to  grid  needs  than  human  operators  could.  In  2023,  Tesla’s
AutoBidder AI system, which controls its megapack batteries, was actively trading energy and grid services
in places like Australia’s Hornsdale Power Reserve, reacting in milliseconds to grid frequency changes and
making decisions on charging/discharging that stabilized the grid and generated profit.

18



On the consumer side, AI is making energy use more efficient. Smart thermostats like Google’s Nest use AI
to learn households’ patterns and optimize heating/cooling, saving energy and money. Millions of homes
have such devices now, collectively making a dent in energy demand (Nest alone reported over 80 billion
kWh saved worldwide by 2023 through its optimizations). AI is also enabling demand response programs
where, say, an AI can slightly adjust many homes’ AC temperatures by a degree during peak demand, with
minimal comfort impact but large aggregate load reduction. 

In the oil and gas sector, AI has been deployed for exploration and operations. Oil companies use machine
learning to analyze seismic data to identify oil & gas deposits more accurately, reducing dry hole drilling. In
production, AI models optimize the operation of pumps and compressors, predict equipment failures in
refineries, and even adjust drilling parameters in real-time to improve yields. These efficiencies are valuable
– one supermajor reported in 2022 that AI predictive maintenance across its operations averted downtime
that would have cost $50 million in a year. Additionally, AI is used to monitor pipeline integrity (analyzing
sensor data for leak detection faster than traditional SCADA alarms) and to model reservoir behavior for
better extraction strategies.

Nuclear power and energy infrastructure benefit from AI in monitoring and safety. AI image recognition
checks thousands of hours of surveillance or inspection footage (e.g., looking for corrosion or anomalies in
nuclear plant equipment) much faster than human techs. The  fusion energy example from the Physics
section applies here too – an AI controlling plasma could accelerate the timeline for viable fusion reactors,
which would be a monumental energy breakthrough.

AI  is  also  playing  a  role  in  climate  change  mitigation  and  environmental  management related  to
energy. Electrical utilities are using AI to optimize energy efficiency programs, targeting which customers
or buildings would benefit most from retrofits by analyzing consumption data. AI-powered platforms help
businesses and cities identify patterns of energy waste. On the supply side, AI is aiding the discovery of new
materials for energy (as discussed earlier, e.g., new battery chemistries or better catalysts for hydrogen fuel
cells discovered via AI). If a breakthrough like a higher capacity battery or more efficient solar cell emerges
thanks to AI-guided R&D, that will directly impact energy sustainability.

Moreover,  governments  are heavily  investing in  AI  for  energy.  For  example,  Saudi  Arabia’s  massive
Project NEOM includes a $100 billion investment in AI and renewables integration. China’s state grid has an
“AI  grid  dispatch”  initiative  to  automate  grid  control  across  provinces.  The  U.S.  Department  of  Energy
funded multiple AI research centers focused on grid modernization and materials for clean energy starting
in  2020.  This  public  funding  spurred  collaborations  between  national  labs,  universities,  and  industry,
yielding innovations like AI that detects cyber-intrusions in grid control systems (important for security as
grids become digital). By 2024, energy was recognized as one of the sectors where AI can have the most
immediate societal benefit (ensuring reliable electricity and enabling decarbonization).

The impact of AI on emissions can be direct and significant. Google famously applied DeepMind AI to its
own data center cooling in 2016, cutting energy used for cooling by 40%. These techniques have since been
replicated widely in large HVAC systems and industrial processes. An AI startup called BCOOLER (referenced
in Stanford’s 2023 Index) developed a reinforcement learning model to continuously tweak cooling system
setpoints, which achieved substantial energy savings in test deployments. Multiply that by thousands of
factories and skyscrapers, and the carbon footprint reduction is sizeable. AI’s optimization could account for
several percentage points of global energy savings if fully rolled out, which could translate to reduction of
hundreds of millions of tons of CO₂ annually (given energy is a major source of emissions). 
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On the utility customer service side, AI is improving how energy companies interact with consumers – for
instance, chatbots handle billing queries or outage reports, and AI analytics help utilities identify which
customers might benefit from solar panels or EV chargers, creating new business models and incentives.

Looking at the big picture: from 2020 to 2025, AI became a linchpin of the modern energy system. It’s
often said that the grid is the most complex machine ever built, and AI is proving to be the “brain” that can
manage this complexity. Energy executives now speak of AI in the same breath as renewables or storage
when discussing the future of energy. And importantly, AI is helping to reduce the environmental impact of
energy use itself (both by integrating clean energy and by cutting waste). As we move forward, AI will likely
be behind the scenes in everything from charging your electric car at the optimal time (when grid power is
cleanest  or  cheapest)  to  balancing  national  grids  with  millions  of  distributed  energy  resources.  The
momentum is strong: optimistic analyses suggest that AI-driven efficiencies could account for up to 10% of the
emissions cuts needed for the Paris Agreement due to gains in energy, transport, and industry. While that
remains to be seen, the evidence so far shows  AI can truly be a force multiplier for sustainability in
energy, making the transition to a net-zero world faster and more feasible.

Government, Defense, and Public Services

Governments around the world have recognized the strategic importance of AI and rapidly expanded its
use in public services and defense. At a high level,  there’s been a wave of  national AI strategies and
investments. The number of countries with a national AI policy jumped from 25 in 2018 to 127 countries
by 2023, indicating a global embrace of AI governance and development. Many governments are pouring
resources into AI research and infrastructure: for example, France committed  €109 billion toward AI and
digital tech initiatives, and India pledged $1.25 billion for an AI program. In 2024, Canada announced $2.4B
for advancing AI, and Saudi Arabia launched a $100 billion Project focused on AI (part of its broader Vision
2030 investments).  These huge sums underscore that AI capability is now seen as a matter of national
competitiveness akin to space or nuclear programs in earlier eras.

In public administration, AI is being applied to improve citizen services and government efficiency. Many
government agencies now use AI chatbots on their websites to handle common questions about services
(from tax filing to license renewals). For instance, Ireland’s revenue service deployed an AI assistant that
successfully handled millions of queries from taxpayers about COVID-relief schemes in 2020–21, reducing
call  center  loads.  AI  text  analysis  helps  governments  sort  through  citizen  feedback  –  e.g.,  analyzing
thousands of public comments on proposed regulations to identify key sentiments and topics, a task that
would overwhelm human staff. In some cities, AI helps optimize garbage collection routes or public transit
schedules by analyzing usage patterns, saving fuel and improving service frequency where needed.

Document processing and analytics are big areas too. Governments are digitizing decades of records and
using OCR and NLP AI to extract data and insights. For example, the U.S. Department of Veterans Affairs
launched AI  tools  to  scan and summarize  medical  records  in  disability  claims,  cutting processing time
significantly for veterans’  claims (which historically  had backlogs).  The Indian government,  dealing with
multilingual documents, uses AI translation and summarization to ensure officials can understand inputs in
various regional languages. These uses of AI don’t make headlines, but collectively they make bureaucracies
more responsive and data-driven.

Law enforcement and public safety agencies have cautiously started using AI for certain tasks, though
not without controversy.  Some police departments use AI-based  predictive policing tools  that  analyze
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crime data to predict hotspots of crime or identify individuals at risk of re-offending, allowing targeted
interventions (like increased patrols in an area or social support for at-risk youth). However, concerns about
bias and civil liberties have led to pushback – e.g., several U.S. cities banned the use of face recognition by
police due to high false positive rates for certain demographics. Still, AI is used in investigations: computer
vision helps scan CCTV footage for suspects (e.g., identifying a getaway car’s license plate across hundreds
of hours of video). In 2023, Europol mentioned AI tools that helped uncover patterns in a massive financial
fraud case by linking disparate data points across countries.  Cybersecurity for  government systems is
another focus: AI systems monitor network logs to detect anomalies that could indicate hacks, improving
response times to breaches (which is vital for critical infrastructure).

In  defense and military,  AI  is  considered a “game changer” and nations are racing to leverage it.  We
already discussed how the U.S. DARPA had an AI fly a fighter jet and engage in dogfights successfully. That
demonstration in 2023 was historic – showing that AI can handle high-speed, high-stakes decision-making
in combat. The U.S. military’s Project Maven, initiated in 2017 to use AI for analyzing drone surveillance
footage,  matured  through  the  early  2020s.  By  2021,  Maven’s  algorithms  were  being  widely  used  to
automatically flag objects of interest (vehicles, installations) in drone video, reducing analysts’ workload.
The success of such projects led the Pentagon to establish the Joint AI Center (JAIC), which by 2022 had
dozens of AI pilot programs ranging from maintenance prediction for aircraft (similar to how airlines use
AI to predict part failures, the Air Force does for jets) to  strategic wargaming simulations using AI to
model adversary behavior.

Several countries (including Russia, China, and Israel) have developed or deployed loitering munitions (AI-
guided drones/weapons) that can identify and attack targets autonomously. For instance, the Israeli Harop
drone can autonomously home in on radar signals and destroy the source without direct human control at
the moment of strike. Reports (including a UN report in 2021) indicated that during a Libyan conflict, a
Kargu-2 drone (made by Turkey)  may have autonomously attacked human targets without a specific
command – potentially the first recorded case of an autonomous attack by an AI weapon. While details are
sparse, it raised alarms in the arms control community.

Because  of  such  developments,  military  leaders  assert  AI  is  as  transformative  as  electricity  for
warfare.  It’s  being integrated into  logistics  (AI  to  manage supply  lines  and predict  equipment  needs),
intelligence (analyzing satellite imagery – e.g., an AI system might scan satellite photos for new construction
or military asset movements far faster than humans),  and command and control (helping commanders
make sense of battlefield data and suggesting courses of action). However, this also spurs an international
debate: the prospect of “killer robots” or lethal autonomous weapon systems has led the UN and NGOs to
call for regulation or bans. As of 2025, no global treaty on such weapons exists, but about 30 countries have
called for a ban on fully autonomous weapons.

Another  public  safety  use:  disaster  response.  AI  models  are  used  to  predict  the  spread  of  wildfires
(combining weather, vegetation, and topography data) so that firefighters can position resources better.
Similarly, AI helps forecast floods and identify which areas should evacuate first. Drones with AI are used
after disasters like earthquakes to quickly scan rubble for signs of life (thermal images analyzed by AI for
human shapes) or assess building damage and prioritize rescue efforts. In 2023, after a major hurricane hit
the  Gulf  Coast,  AI  analysis  of  satellite  and  aerial  imagery  allowed FEMA to  identify  the  most  affected
neighborhoods  within  hours,  speeding  up  aid  deployment.  These  capabilities  have  matured  from
experimental to regularly employed in the last few years.
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In  health  and  social  services,  governments  also  use  AI.  During  COVID-19,  many  countries  used  AI
epidemiological models to project case surges and hospital needs, which informed lockdown policies. Some
deployed chatbots to answer citizens’ COVID questions or help do contact tracing (Singapore’s and India’s
apps had AI components for exposure risk analysis). Social service agencies use AI to identify at-risk families
or children from case histories and allocate social workers proactively (though that’s controversial if it might
be biased or invasive). 

One cannot overlook  government regulation of AI itself. Since 2020, there has been a flurry of policy-
making. The European Union led with the EU AI Act, a comprehensive set of rules (expected to be finalized
around  2024)  classifying  AI  systems  by  risk  and  setting  requirements  (e.g.,  high-risk  AI  like  in  law
enforcement or recruitment must meet quality and transparency standards). The EU also passed strict AI
regulations  for  user-facing systems,  and nations  like  Canada,  Brazil,  and China  put  forth  their  own AI
governance rules. The Stanford AI Index 2025 noted that legislative mentions of AI worldwide rose over
20% from 2023, continuing a sharp increase. By 2024, the U.S. had over 60 AI-related bills proposed at state
or federal levels, ranging from facial recognition bans to AI accountability frameworks. Even the United
Nations got involved: UNESCO released an AI Ethics Recommendation in 2021 adopted by many countries,
and the G7 launched an “AI Governance Alliance” in 2023 to share best practices.

Lastly, national security experts often discuss the geopolitical AI race. The U.S. still leads in cutting-edge AI
R&D, but China is closing in by some measures (China produces more AI research papers and patents than
the  U.S. ,  and  has  declared  intent  to  be  the  global  AI  leader  by  2030).  This  competition  drives
government funding and also a talent race. Notably, almost all major militaries now have dedicated AI units.
NATO formed an AI  initiative to ensure interoperability  and ethical  use among allies.  Military  exercises
started to include AI components – for example, in 2022 the U.S. Navy tested an “AI battle manager” on a
warship to coordinate unmanned systems, and the exercise showed promise in faster reaction times.

In  summary,  from the halls  of  public  administration to  the frontlines  of  defense,  AI’s  capabilities  are
advancing the functions of government. It promises smarter public services, from quicker paperwork to
predictive  policing,  and more effective  defense with  AI-assisted operations.  At  the same time,  it  raises
serious policy and ethical questions that governments are now urgently grappling with: how to harness AI’s
benefits while managing its risks (bias, privacy, autonomous decision-making in life-or-death situations).
The fact that  over 120 countries have AI on their legislative agenda by 2023 shows that governments
recognize both the necessity and challenges of AI in society. Much like earlier technological revolutions
(industrial,  nuclear, cyber),  AI is reshaping governance and power. The coming years will  likely see even
deeper integration of AI in governance – imagine AI advisors suggesting optimal budget allocations or AI
predicting which infrastructure projects will yield the most benefit – as well as new global norms to ensure
these powerful tools are used responsibly and democratically.

Creative Industries (Media, Arts & Entertainment)

The creative sectors – including art, design, music, film, and media – have been profoundly impacted by
the  rise  of  generative  AI,  especially  since  2022–2023  when  AI  content  creation  tools  burst  into  the
mainstream. In many ways, 2023 was “Generative AI’s breakout year”, and the creative industries felt both the
excitement and disruption of this technology.

Visual  Arts  & Design: AI  image generators  like  DALL·E  2,  Midjourney,  and Stable  Diffusion enabled
anyone  to  create  vivid  images  from  text  prompts.  By  late  2022,  these  tools  could  produce  artwork,
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illustrations, concept designs, and more at a quality nearly indistinguishable from human-made in some
cases. The growth was explosive: Midjourney’s user base, for instance, expanded to millions within months
of its 2022 launch, with online communities sharing AI-generated art ranging from fantasy landscapes to
corporate logos. In 2022, an AI-generated piece (“Théâtre D’opéra Spatial”, made with Midjourney) won an
art competition at the Colorado State Fair – sparking controversy and debates about the nature of art

. Some artists felt AI was a threat, while others started using AI as a new tool in their creative process.
By  2023,  it  became  common  for  graphic  designers  to  use  AI  for  concept  generation  –  for  example,
generating  dozens  of  logo  ideas  or  product  design  mockups  via  AI  and  then  refining  the  best  ones.
Advertising agencies experimented with AI to produce draft visuals for campaigns; indeed, a survey found
over 90% of brands working with content creators were using or planning to use generative AI in
their content pipeline. 

Hollywood & Film: Generative AI’s impact was so significant it became a point of contention in Hollywood
labor strikes. In mid-2023, the Writers Guild of America (WGA) went on strike, partly over concerns about AI
being used to write scripts or diminish writers’ roles. Similarly, the actors’ union SAG-AFTRA struck with a major
issue being protections against the use of digital likenesses and AI “clones” of actors. These strikes, which
lasted 100+ days and cost the industry an estimated $6.5 billion,  ultimately led to new contract terms:
studios agreed to regulations on using AI (e.g., requiring consent and payment for using an actor’s likeness
with AI). Meanwhile, AI was already in use in film production. In the 2023 film Indiana Jones and the Dial of
Destiny,  the  80-year-old  Harrison  Ford  appeared  “de-aged”  in  certain  scenes  –  this  was  done  using  AI
algorithms trained on his past films to create a younger facial appearance frame-by-frame. Such AI-
driven VFX (visual effects) are becoming common, allowing, say, an AI to generate someone’s face at a
different age or to produce entirely synthetic secondary characters. AI is also used for editing tasks: Adobe’s
“Project  Blink”  introduced AI  that  can search video content  by  description (find all  scenes where “John
smiles”) and even generate filler footage. 

Animation and Gaming: AI tools can now generate character designs, concept art for game levels, or even
animate simple scenes automatically. By 2023, some indie game developers were using AI-generated art
assets (with engines like Unity and Unreal integrating AI texture and environment generation plugins). This
speeds up content creation, though it sparked debate on the fate of human game artists. In animation,
prototypes exist where a human’s rough sketch or pose can be turned into a fully rendered animation by AI
in a certain style. Voice acting is also being disrupted: AI voice cloning can produce highly realistic voices.
Companies like ElevenLabs offer tools where you input text and choose a voice (including clones of real or
fictional voices) to narrate it. This tech has been used for dubbing content into other languages using the
original actor’s own synthesized voice – a big potential time-saver in international media (though quality is
still  improving).  It  also raised alarms when unauthorized voice clones of celebrities singing or speaking
emerged online.

Music: The music industry faced a wave of AI mimicry in 2023. One infamous case was an AI-generated
song that mimicked the voices of Drake and The Weeknd, “Heart on My Sleeve,” which went viral in April 2023
– many listeners thought it was a real leak. It had millions of streams before Universal Music Group issued
takedowns, citing copyright and voice rights. AI models can now be trained on an artist’s recordings and
then generate new vocals that sound eerily similar. This led artists and labels to start negotiating rights
around AI; some artists are open to AI collaborations (Grimes said she’d let anyone use her AI voice if she
gets a share of revenue), while others vehemently oppose unauthorized use. Aside from vocals, AI music
generators (like OpenAI’s Jukebox or Google’s MusicLM) can produce instrumental music in various genres
from  text  descriptions.  By  2025,  AI-generated  background  music  became  common  in  YouTube  videos,
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podcasts, and even games – it’s cheaper than licensing existing music and can be tailored to exact moods.
On the creative front, musicians are using AI tools for inspiration – e.g., generating a few melody or chord
progression  ideas  with  AI  and  then  building  a  full  song  from that  seed.  The  legendary  producer  Nile
Rodgers, upon receiving a major award in 2024, noted that while he initially feared AI, he came to see it as
“another instrument” that artists can learn to play, emphasizing human curation and soul in the process.

Literature & Content Creation: The written word hasn’t been spared. AI writing assistants (like GPT-3/4-
based  tools)  are  being  used  by  authors,  journalists,  and  marketers.  Some  news  organizations  started
publishing  AI-assisted  articles  for  routine  topics  like  weather  or  sports  recaps  (with  human  editors
overseeing).  There  was  controversy  in  August  2023  when  a  prominent  science  fiction  magazine,
Clarkesworld,  had to temporarily  close submissions because it  was flooded by AI-generated short  story
submissions of low quality from opportunists trying to get published. This illustrated how easily AI can
generate text that superficially fits a genre. However, there are also serious efforts: publishers exploring co-
written novels (where an author and AI collaborate), and screenwriters using AI to outline plots or suggest
dialogues (the WGA’s new contract reportedly allows writers to use AI as a tool, as long as writers retain
credit and AI output is not considered literary material). On platforms like Medium or marketing blogs, AI-
written pieces increased markedly – one study found that by mid-2023, about 1 in 5 content creators in
marketing admitted to using AI to draft their content. Deloitte’s 2023 “Creator Economy” report said 94% of
brands working with influencers were incorporating generative AI (for editing images, writing captions,
etc.).

The economic potential is huge: Allied Market Research projects that the generative AI market in creative
industries will grow from $1.7B in 2022 to over  $21B by 2032. This encompasses software for generating
ads, fashion designs, product prototypes, etc. Fashion designers are using AI to create new patterns and
even virtual models (some fashion magazines featured AI-generated models in 2023, raising eyebrows).
Architectural firms use AI to instantly visualize design concepts. The co-creative process is evolving: human
creativity augmented by AI’s rapid iteration and outside-the-box outputs.

However,  these advances raise deep  questions about copyright,  ownership,  and authenticity.  Artists
argue  that  AI  models  were  trained  on  billions  of  images  and  songs  (their  copyrighted  work)  without
permission  –  effectively  “learning”  their  style.  Multiple  lawsuits  emerged:  artists  sued  Stability  AI  and
Midjourney in 2023 for scraping their art, and authors like Sarah Silverman sued OpenAI for including their
books in training data without consent. The legal system is just beginning to grapple with these (no clear
precedent yet on whether AI training is fair use or not in the US as of 2025). There’s also the cultural debate:
does art made by AI diminish the value of human art? Many assert that human creativity, context, and
emotion  cannot  be  replaced  –  an  AI  can  mimic  style  but  not  lived  experience.  Initiatives  to  label  AI-
generated content have started (e.g., some stock image sites ban AI content or require badges). The WEF
noted the rise of FOBO – “Fear of Becoming Obsolete” among creatives in light of AI , but also pointed
to research suggesting AI will also create new creative jobs and augment artists, not just replace them.

Indeed, new fields are emerging: “prompt engineering” as a skill for artists (knowing how to get the best
output from AI), or “AI content curator” roles. We’re also seeing the democratization of creativity – people
with no formal art or music training can create respectable artworks or songs with AI assistance. This might
flood the world with more content (some say we’re heading into an era of infinite content, requiring new
means to sift quality). But it also could expand the creative community and diversity of voices, as suggested
by some optimistic experts.
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In summary, from 2020 to 2025  AI capabilities advanced so quickly in creative fields that they went
from quirky demo to central industry issue in a few years. Generative AI has shown it can mimic and
generate increasingly sophisticated creative works – sometimes good enough to win awards or fool experts
– and this has simultaneously augmented human creators and challenged existing paradigms in media
and art. The creative industries are now in a transformation phase: re-evaluating workflows, talent needs,
and intellectual property rules. As one Davos panelist put it, “if we don’t put humans at the center of AI’s use
in creative industries, we risk losing the heart and soul of creativity”. That sentiment captures the current
strive:  balancing  these  astounding  AI  tools  with  human  values,  ensuring  artists  are  respected  and
rewarded, and using AI to push creativity to new heights rather than undercut it. The next few years will
likely bring more groundbreaking AI-generated films, music hits, or art exhibitions – along with continued
debate on what it means for the definition of art and the livelihoods of creators. 

Conclusion

Across  every  sector  examined  –  from  healthcare  and  education  to  manufacturing,  finance,  scientific
research,  transportation,  government,  and  the  arts  –  we  see  empirical  evidence  of  AI’s  astonishing
progress since 2020. AI systems have rapidly evolved from experimental prototypes to deployed solutions
that rival or exceed human performance in various tasks. The data points and examples highlighted in this
review collectively illustrate how far and fast AI automation is advancing:

In healthcare, AI diagnostic tools and drug discovery platforms achieved in a few years what took
decades before (e.g., hundreds of FDA-approved AI devices, new drugs entering trials, protein
folding solved). 
In education, AI went from a novelty to having the majority of teachers and students interacting with
AI tools in their daily learning by 2023. Early studies show significant learning gains and time
savings, foreshadowing a transformation in teaching methods. 
Scientific research has been turbocharged – AI discovered millions of new materials, optimized
fusion reactions, and even contributed to Nobel-recognized breakthroughs. 
Transportation saw a leap with fully driverless taxis operating commercially and logistics being
automated at massive scale (Amazon’s million robots, 700+ autonomous mining trucks ). 
Manufacturing and industry are automating at an unprecedented pace – global robot counts at
record highs and AI optimizations yielding double-digit efficiency improvements. 
Finance and business operations have embraced AI to boost productivity, with companies reporting
2–4 hour daily gains in worker output due to AI assistance and rolling out AI assistants to thousands
of employees. 
Law firms deployed AI to thousands of attorneys, speeding up research and drafting, and signaling
even conservative industries cannot ignore AI’s advantages. 
Agriculture is being revolutionized by autonomous tractors and precision AI farming that increases
yields while reducing inputs. 
Energy systems are becoming smarter and greener through AI-managed grids and efficiency gains
that cut power waste by up to 50%. 
Governments are leveraging AI for better public services and defense capabilities, while
simultaneously grappling with governance of AI to ensure it’s used ethically and safely. 
Creative fields experienced an upheaval with generative AI enabling near-instant content creation –
raising both excitement and urgent policy questions in equal measure.
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Critically,  these  advances  haven’t  been  linear;  they  have  been  accelerating.  Many  benchmarks  or
milestones that experts predicted would take five or ten more years were achieved within one or two years.
For  example,  the  autonomous  mileage  driven  by  Waymo  doubled  in  just  six  months  in  2025 ,  AI
language  models  leapt  from  barely  coherent  to  passing  professional  exams  in  a  short  span,  and  the
number of AI parameters in top models grew by orders of magnitude in a few years – driving corresponding
jumps in capability.

This rapid progress is driven by compounding improvements in algorithms, computing power, and data
availability. Each breakthrough (like GPT-3, AlphaFold, or a new robotics technique) builds on the last, and
the  frontier  of  what  machines  can  do  keeps  expanding.  In  many  domains  we’re  seeing  performance
approaching human-level or beyond: AI models surpass average human scores in image recognition and
reading comprehension, robots achieve superhuman precision and stamina in repetitive tasks, and AI can
churn through datasets no human could digest in a lifetime, finding patterns and solutions.

The implications for society and economy are enormous. AI automation promises significant productivity
growth – McKinsey estimates on the order of 0.1–0.6% added to GDP growth annually from generative AI
alone.  It  can  help  solve  complex  problems  (disease,  climate,  hunger)  by  accelerating  research  and
optimizing resource use. But it also brings disruption to labor markets and raises ethical concerns. Multiple
sources highlight the dual nature: AI can augment jobs and even create new ones, but also potentially
displace a large number of roles if organizations and policymakers don’t manage the transition . For
instance, Goldman Sachs estimated up to 300 million jobs globally might be affected by AI automation by
2030, while the World Economic Forum argues many new jobs will also emerge and that AI will more often
work alongside humans than fully replace them.

What is clear is that  the rate of AI progress has few historical parallels. Comparisons are made to the
Industrial Revolution or the introduction of electricity – but those took decades to diffuse. AI’s diffusion from
bleeding-edge research to  real-world  impact  has  been astonishingly  fast  (ChatGPT reached 100 million
users in two months, the fastest adoption of any technology in history at that point). This puts a strain on
institutions: education systems must adapt (teaching AI skills, adjusting testing in the age of AI assistance),
regulations must sprint to catch up (to address deepfakes, bias, safety), and businesses must continually
reskill their workforce. 

The sectors in this report each illustrate a piece of the larger narrative: AI’s capabilities are growing at an
exponential pace, and as a result, its deployment across society is accelerating exponentially too. For
many tasks, machine capabilities have doubled or more in just the past 3–5 years – be it the number of
medical images an AI can interpret correctly, or the number of complex queries a chatbot can handle. The
empirical examples – like a 40× increase in medical AI devices from 2015 to 2023 or a doubling of global
robot density in 7 years – quantify this swift progress.

In conclusion, we stand at a point where AI is moving from a niche tool to a general-purpose technology
embedded in all sectors of the economy and aspects of life. The momentum from 2020 to 2025 suggests
that the latter half of the decade will bring even more profound AI-driven changes. Societies that invest in
AI skills,  infrastructure,  and thoughtful  regulation will  likely benefit greatly from improved services and
growth. Those that do not may find themselves lagging, as AI becomes a new determinant of competitive
advantage across industries. 
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Yet,  with  great  power  comes  great  responsibility.  The  examples  also  highlight  issues  of  fairness,
transparency,  and  control  (e.g.,  ensuring  AI  in  law  or  hiring  doesn’t  perpetuate  bias,  or  preventing
autonomous  weapons  proliferation).  Addressing  these  will  be  crucial  to  harness  AI’s  advances  for  the
common  good.  Policymakers  are  at  least  aware:  in  2024,  global  cooperation  on  AI  governance
intensified, with frameworks from the OECD, UN, and others focusing on responsible AI principles. 

The empirical story of 2020–2025 is one of  AI’s extraordinary leap.  In practically every field of human
endeavor, machines are demonstrating capabilities that were once exclusive to human skill or even beyond
human ability, and doing so at falling costs and increasing scale. The concrete examples and data provided
in this report make it evident: AI is advancing far and fast, transforming “science fiction” into everyday
reality at a breathtaking rate. Keeping up with this change – and guiding it wisely – will be one of the
defining challenges and opportunities of our time.

Sources:

Stanford University 2023 & 2025 AI Index Reports – data on AI model performance, industry
adoption, and investments. 
U.S. GAO Science & Tech Spotlight 2023 – generative AI in healthcare (drug trials, clinical
documentation). 
World Economic Forum, State of AI 2024 – trends in AI scientific progress and industry adoption (e.g.,
Synbot and GNoME examples). 
Google DeepMind News (2023) – discovery of 2.2 million new materials with GNoME. 
Nature (Nov 2023) – description of A-Lab autonomous chemistry lab combining AI predictions with
robotic synthesis . 
Wired (Feb 2022) – DeepMind AI controlling nuclear fusion plasma. 
Reuters (July 2025) – Waymo reaching 100 million autonomous miles, robotaxi expansion . 
AboutAmazon News (June 2025) – Amazon deploying 1 million warehouse robots and AI
coordination (DeepFleet). 
Komatsu Press Release (Mar 2024) – 700+ autonomous haul trucks in operation globally . 
IFR World Robotics Reports (2023–2024) – record 4.28M industrial robots in use, robot density
doubling since 2016. 
Guardian (May 2025) – Amazon’s Vulcan robot (sense of touch, 75% items handled) and workforce
impacts. 
Quartz (Oct 2023) – Morgan Stanley’s deployment of GPT-4 assistant to 16k advisors (98% team
adoption). 
Medium (Aug 2023) – Education PhD analysis of AI in classrooms (63% teachers using AI by
mid-2023, student usage stats). 
Reuters (Apr 2023) – Harvey AI at Allen & Overy (3,500 lawyers to use it), legal industry AI “arms race”.
Fox Business (May 2025) – John Deere’s autonomous tractors and AI in farming (goal of automating
all field operations, first autonomous tractor in 2022). 
Clean Energy Forum (Yale, Feb 2025) – AI in clean energy (grid management, emissions reduction
30–50%). 
Stanford HAI (2025) – Government AI trends (AI legislation in 127 countries, billions in national AI
investments). 
WEF/Reuters/Guardian (2023–2024) – Generative AI in creative industries (2023 Hollywood strikes
over AI, AI art winning contests, 94% of brands using gen AI with creators). 
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Google AI and robots join forces to build new materials
https://www.nature.com/articles/d41586-023-03745-5?
error=cookies_not_supported&code=f5b3dc46-522b-41ea-83ee-72fce72c9957

DeepMind Has Trained an AI to Control Nuclear Fusion | WIRED
https://www.wired.com/story/deepmind-ai-nuclear-fusion/

The 2023 AI Index Report | Stanford HAI
https://hai.stanford.edu/ai-index/2023-ai-index-report

Alphabet's Waymo picks up speed as Tesla robotaxi service expands | Reuters
https://www.reuters.com/business/autos-transportation/alphabets-waymo-picks-up-speed-tesla-robotaxi-service-
expands-2025-07-15/

- Accelerating the realization of automation, autonomous operation, and remote control - 700+
Autonomous trucks operating worldwide with Komatsu FrontRunner system | Newsroom | Komatsu global
site
https://www.komatsu.jp/en/newsroom/2024/20240314

John Deere uses artificial intelligence to transform farming | Fox Business
https://www.foxbusiness.com/technology/john-deere-addresses-farm-labor-shortages-autonomous-tractors

The 2025 AI Index Report | Stanford HAI
https://hai.stanford.edu/ai-index/2025-ai-index-report

How is AI impacting and shaping the creative industries? | World Economic Forum
https://www.weforum.org/stories/2024/02/ai-creative-industries-davos/
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