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The conclusion from a
2019 UCAR survey

 Mathematics Is by far the greatest
challenge faced by undergraduate
university students when they enter a
meteorology program

* Page, E., S.S.P. Shen, and R.C.J.
Somerville, 2024:. Can we do better at
teaching mathematics to
undergraduate atmospheric science
students? Bulletin of the American
Meteorological Society.
DOIl:https://doi.org/10.11 /5/BAMS-D-
22-0245.1
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The failure rate of College Calculus | and
Il iIs more than 30. Why are college
calculus courses so difficult and scary?

Instruction: Please use your phone or
computer to scan the QR code or enter the
Slido number # to enter your answer to why.

Audience Q&A

@ start presenting to display the audience questions on this slide.



Th i S I S W h y ! « A discriminative system of

many obsolete and useless

materials, such as the 1300
pages of calculus and physics
books, is set to fail many

students.
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« “We may not be discriminative,

but many of us are protecting a

; » DNl € SLSLUNAIDS ?
I F HAVOHAAY DALV HLS V SNAANITON IN Y I 2

discriminative system.”

« A modernized curriculum is
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What must today’s students learn?

« Computer languages like Python or R
« CSV, netCDF or JSON data analysis and visualization

 Empirical orthogonal functions (EOFs) computed by singular value
decomposition (SVD)

» Calculus concepts with meteorology and oceanography examples
 Model assumptions, statistical assumptions, and storytelling

However, these methods were NOT included in the current
undergraduate math courses for meteorology and oceanography
students in many universities even five years ago.



Principles of progressive education for the
modernization of math and Al instructions

* Learning-by-doing vs the traditional learning-by-memorizing
 Students’ needs vs the traditional instructors’ interest

* RUM principle: Relevant, Useful, and Modern materials vs
obsolete text

« GUT actions: Go to daily life motivations, Use modern
computers, and Tell calculus stories, vs the traditional pen-
on-papers



How?

 Modernize textbooks:
Examples with Cambridge
University Press

CLIMATE
MATHEMATICS

Theory and Applications
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AND

DATA
VISUALIZATION

IN

CLIMATE SCIENCE

WITH
R ano PYTHON
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GERALD R. NORTH

Modernize instructors:
Example skills

e Use ChatGPT and other Al tools

e Good at Python or other
modern computer languages

 Use Slido, big data, and other
interaction tools

 Ready to help students find
internships and jobs



Example: How to measure the area of a lake?
Ans: Use Green’s theorem, ChaptGPT/DALL.E, and a phone

Planimeter

Planti
met

® &
&4 planimeter-area-measure-guide.en... &« Appollow
Planimeter Area Measure Guide... Planimeter: Map Me...

B soft112 @ AppAdvic
Planimeter GPS Area Measure 2.1.15 Free ... Planimeter

m Left: Planimeter apps. Right: A college student tries to measure a lake using a
planimeter on her phone.



What Is caac 56, L The Length of the Space deferibed being continually ( that
the is, at all Times) givens to find the Velocity of the Mation at any
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Calculus

o, Modern calculus concepts based on the generalized Stokes'

- theorem by Elie Cartan 1945: Use boundary data to predict inside
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E—e

A thraad: & fine sagment’s boundary A has; An apen surface’s boundany A patata: & selid bedy's baundary

Is two points, i.e., red points iz a dosed corsour, i 2 red! fim

[Fundamental theorem IShokes" thannenms and *:'-:.a cicead -a-:'hh-:E: e, potato skin
G raloulus] Green's theorem] [Divergance theorem]
Integrate [Derivative of the physics] ” -I[iF

wiith the dimension of the domain

t Domain ‘

Integrate [Original physics] with the h. p
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Conclusions on “How can the progressive education
pedagogy make math and Al education more efficient for
atmospheric sciences?”

* Learning-by-doing pedagogy in progressive education

« RUM principle: Relevant, Useful, and Modern materials

« GUT actions: Go to daily life motivations, Use modern computers,
and Tell calculus stories, vs the traditional pen-on-papers

e Modernized textbooks and modernized instructors

« Modernized education systems, e.g., Al-based curricula



YouTube by Samuel Shen and Richard Somerville

e Part 1. https://www.youtube.com/watch?v=bCQVLvomHY(g
» Part 2. https://youtu.be/ARVHI6-xyhw

* English with subtitles

« Part 1. https://www.youtube.com/watch?v=jrITwXel|JU
 Part 2: https://www.youtube.com/watch?v=nradeCXlyko

« Spanish subtitles

 Part 1: https://www.youtube.com/watch?v=wNBXQ2WptUg
 Part 2: https://www.youtube.com/watch?v=wnkgTZeoP_qg
* Chinese subtitles

» Part 1: MRS FRFFHNFAEIWAM: £E

e https.//www.youtube.com/watch?v=YexzaWwlicw

- Part 2: AT ASISERIFFIOSS BT T

e https://www.youtube.com/watch?v=S5cVKapjJEM
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