Artificial Intelligence in STEM

The Present and Future of Scientific Discovery

é Hi there! I’'m an artificial intelligence agent here to explain the uses
of Al in STEM and how it might transform the way science is done.

Before we dive in, let’s cover the fundamentals of Al itself!

Artificial intelligence uses computer algorithms to imitate human
intelligence, enabling machines to learn, reason, and make decisions.

Most modern artificial intelligence systems rely on machine learning (ML) and data,

but non-ML models are still used today!

Machine learning leverages data and algorithms to give
computers the ability to perform tasks without explicitly
programming them to do so. The main goal of machine
learning is generalization, which is when a model can
accurately perform tasks it has not seen before.?

Artificial

Intelligence?

In our everyday lives, applications range from
self-driving cars to face recognition. Many powerful
systems are powered by neural networks, a model that
mimics the human brain by connecting artificial neurons.

Different machine learning methods and large datasets are often used
together to create powerful models. For instance, large language models
such as ChatGPT are often trained on books, websites, and even social
media!
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Current Uses of Al in STEM
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Classification
algorithms process
vast amounts of data
from telescopes and
space probes to
discover new
celestial phenomena,
like identifying
exoplanets with
NASA's Kepler space

Autonomous robots
driven by
reinforcement
learning have
enabled robotic
exploration in
environments hostile
to humans. For
instance, deep-sea

Machine learning has
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different chemicals
will react in the body
using graph neural

Precision agriculture
powered by Al helps
monitor soil and crop
health, predict pest
infestations, and
optimize water
usage, contributing
to sustainable
farming practices
and reduced
environmental
footprint.

Computer vision
models also use
satellite imagery to
monitor greenhouse
gas emissions from
space.’
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Computational models
such as AlphaFold
have achieved
unprecedented
accuracy in
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structure.*
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one emerging approach involves incorporating scientific knowledge
into Al itself to enhance its capabilities. This can help scientists

accelerate their simulations, optimize their experiments, and form
ax» new hypotheses.?

! While Al has already found many successful applications in STEM,
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> In biochemistry, there are so many potential drugs (around 10760) that no one could ever test them all. AI can
quickly sort through these vast options and make smart guesses about which ones are most likely to work well,
almost as if they had done real experiments. AI methods are really good at handling these kinds of challenges
because it can analyze vast amounts of data and consider many possible solutions at once. Advanced AI techniques
such as active learning can even decide what data it needs next to improve its understanding, which means that each
new piece of data it uses helps the AI system narrow down the range of possible solutions until it finds the most
likely one.

This is also useful in fields like medical imaging, where one needs to figure out what is happening inside the body
based on images like X-rays or MRIs, or in astronomy, where observing light from stars can explain what is
happening millions of miles away.'°

Particle physics experiments generate enormous amounts of data.
Machine learning algorithms can efficiently identify significant events or
patterns, such as the appearance of rare particles, which might otherwise
be missed.10

Differential equations are often difficult to solve, but neural networks
are being used to find solutions when traditional methods are impractical.
Applications range from weather forecasting to the spread of disease.1®

o
=

o)

o)

ol

. H

ol

—
A
N
7=
=/

Direct air capture may be crucial for combatting climate change, and
neural networks are finding new and possibly more effective materials that
can be used to extract carbon dioxide from the air.11

Recent advancements in generative Al are also facilitating scientific
discovery by generating new scientific hypotheses, analyzing text-based
data, and designing new materials.

Generative Al

Language models can be fine-tuned with specialized datasets to enhance performance on specific tasks, yielding
more precise, context-aware responses in scientific domains. Diffusion models, which are responsible for many

\ generative art tools, can be used to enhance low-resolution images or create new molecules. J
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Example 1: Mathematical Problem Solving Example 2: Biological Sequence Analysis

Sophisticated LLMs are generally proficient in handling In fields such as astronomy or medical imaging, diffusion
basic arithmetic and can often solve simple algebraic models can enhance low-resolution or noisy images in
equations. Fine-tuned models have demonstrated abstract telescope images or MRI scans, making it easier to extract
reasoning ability in generating proofs.12 meaningful information.13
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Safety Considerations for Al

Hallucinations: Al models can generate false or misleading information, which can lead to
incorrect conclusions or flawed scientific research.

Interpretability: How exactly neural networks and language models work is not well understood,
which can hinder scientists’ ability to verify and trust the Al's results or predictions.

Automation: Sophisticated models may automate tasks that were previously done by

k researchers and scientists, potentially causing job displacement and overreliance on Al.# /
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