FundamentallyFixing
Maths Education

Roadmapto ComputationalThinking
forthe Al age



Day job:
build the best
maths/computationtech »
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Day job: deploy mathsforeveryone
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Day job: Computationfor Everyone
—> smartautomation

Extrajob: Everyonefor Computation
—> computationalthinking



Steve Jobs (1988):

“Mathematicawill revolutionizethe teachingand learning
of mathsby focusingon the prose of mathematics
withoutgettinglostinthe grammar.’



Therealworld changed.
How should educationreact?



Changedhow?
UbiquitousComputation



High-levelcomputationnow applicable
everywhere,eg:

Always
(Maths)
Physics
Accounting

Newlyconceived
Programming
DataScience
SocialMedia
Finance

Newtocomputation
Biosciences

Historyand archeology
MediCine(includingpandemicresponse)
Sports

Agriculture

Marketingand business



Example: Biology



Key Computationalsubfields...
Data Science
Coding
...butnotwhole picture



Core humanskill:
ComputationalThinking

Manifestedby mathseducation...?



Maths education

Achieving data literacy,datascience?
Promoting logicalthought?
Optimising economicresults/jobs?

...Developingcomputationalthinking?



Maths educationcrisis:
80% wrongsubject?



Key difference:
Computers

“Inreal-worldmath,computers do almostall the calculating;
in educationalmath,people do almostallthe calculating”



Why learn maths?



Everyonefor “maths”?

Key reasonsforthe “rightmaths”:
1. Technicaljobs
2. Everydayliving
3. Logicalmindtraining



Value-add
Subsistence
Survival



CT/mathsprocess?

. DEFINE quesTioNns

. ABSTRACT 10COMPUTABLE FORM (real world - abstract

. COMPUTE ANSWERS

. I NTE RPRET RESULTS (abstract - real world)




Use computersfor...

1. DEFINE quesTions

2. ABSTRACT TO COMPUTABLE FORM (real world - abstract)

3. COMPUTE AnswERs

4. INTERPRET RESULTS (abstract - real world)



Use humansfor...

1. DEFINE quesTions

2. ABSTRACT TO COMPUTABLE FORM (real world - abstract)

3. COMPUTE AnswERs

4. INTERPRET RESULTS (abstract - real world)



CT/Maths:problem-solvingprocess

DEFINE y ABSTRACT )\ COMPUTE VYINTERPRET
QUESTIONS / TOCOMPUTABLE FORM ANSWERS RESULTS




Solve[{x +2 =2y, y —x =5}, {x, y}]



Today’smathseducationheadings
[Abouthand-calculating]

Similartriangles
Calculatethislongdivision
Completingthesquare
Invertingmatrices

SimplifyingSurdsand RecurringDecimals
Solvingsimultaneousquations
Thechainrule



Tomorrow’sCT/mathheadings
[Contextualproblemsneedingwholeprocess]

What'stheperfectpasswordforyourlogin?

AmInormal?

Shouldlinsure?

Howdo |l designcontrolsformy game?

Areourincentivesworking?
Howdoweevaluateoursocialmediaeffectivenesg
Isafraudoccurring?

How muchcanyoucompressphotos videoor musicbeforeyounotice?
By howmanylevelsof friendsarewe separatedon Facebook?

What's abeautifulshape?



Removethe computer...
= removethe context



Removethe computer...
= differentcomputationaltoolset
= differentsubject

(4-steps’cost- benefltanaly5|s

DEFINE ABSTRACT COMPUTE INTERPRET




Exampleproblem: can | spota cheat?

Enter 200 coin flips ‘ Computer's test results ‘

ththththththththththththththhthththhh-
thttthhhttthhhtththththhththththththt-
hththththththththththhthhthttthtttttht-
hthththththttthththhththhthththhththt-

hthththhthhththhththhhthhthhthhthth-
thhhtht

Count: 191 data points

Modernalgorithmichinking/ datascienceideas;onlypossibleif computer-based



Imagine

Takingthis methodology,adding30 yearsof the fullestknowledgeof use of
math,top tech,expertiseand buildingthisintoa brand new
Core ComputationalCurriculumthat ... ASSUMESCOMPUTERSEXIST...



New ComputationalCurriculum
What to deliver?

Actuallearningmaterialsforteacherand student...
...tomapthecurriculum

Directedto modernoutcomes

Tetheredto representativeassessments



The pathto creatingcomputationalproblemsolvers

Directed learning Guided learning Independent problem solving
Modules Projects Problems

Support and guidance at every step Support available when needed Student determines
of the pre-defined solution's track to stay on a suitable path their own independent path



Buildingout since 2010:
computerbasedmath.org

“Builda corecomputationalcurriculum
thatassumescomputersexist”



First detailed proposal
forfundamentalchange

AN EDUCATION BLUEPRINT FOR THE Al AGE

CONRAD WOLFRAM

PartI: The Problem

1| Maths v. Maths

2 | Why Should Everyone Learn Maths?

3| Maths and Computation in Today’s World

4| The 4-Step Maths/Computational
Thinking Process

5| Hand Calculating: Not the Essence of Maths

Part II: The Fix

6| 'Thinking' Outcomes

7 | Defining the Core Computational Subject
8| New Subject, New Pedagogy?

9| What to Deliver? How to Build It?

Part Ill: Achieving Change

10 | Objections to Computer-Based Core
Computational Education

11| Roadmap for Change

12| Is Computation for Everything?

13| What’s Surprised Me on This Journey so Far
14| Call to Action



Example module:
How fastcan | cycle...?



Example projects:
(Independentproblemsolving)




New ComputationalCurriculum
Right Outcomes»
Right assessments


http://computerbasedmath.org/outcomes

Outcomes:mustengender
Al-age “Thinking”
Abstractionof thinkingtechniques

Hybridhuman-Almanagement
Intertwiningcreativityand process



How do piecetogether:
Outcomes,contexts,process



The pathto creatingcomputationalproblemsolvers

Show dimensions  Room | Problems | Step outcomes | Computation outcomes | Thinking outcomes

Grade O

Student {J




New ComputationalCurriculum
How to build?

Will traditionalbuild-processwork?



ReverseEngineer:
Use actualproblems
to scopecurriculum

Evenwe at Wolframcan’tpredictwhat’sneeded...
Muchtougherfor math policy-makersto know...



PS. Wolframtech:

ldeal for Implementation
or codingor other STEM



Wolfram Language

Programminglanguage* Supersetcomputationrepresentatiorr
Humantechnicalcommunicatiodanguage

Notebooks(like this)



We're already doing

maths with computers

' : Today's maths
You need to know how TOday s maths he|pS with trains your mind
the computer works first  real-world computation |

We're already doing a new

computer science subject

Objections

It's too risky to Hand-calculating You need evidence before

. _ you make this change
make this change (o 4ches understanding

Computers dumb
Getthe Children have too maths down

basics first

much screen time



New ComputationalCurriculum
Politicsof Delivery



Avoid politicians’logic...

My doghas4 legs. Mycathas4 legs.
Thereforemydogiscat.

Ourmathshascomputers.
Computer-basednathshascomputers.
Therefore,ourmathsiscomputer-basednaths...



Don’t confuse major effectsof Al:
What we need to learn [Subject]
How we optimiselearningit [Pedagogy]

ie. Al drivesneed forchange,also providestools



New ComputationalCurriculum
Achievewhat?



Fixing motivation

Use abstractionto help...
...notscarestudentsofftrying.

(Solvereal-life,messy, hard, problems.
IN ALL SUBJECTS!)



Reorderforconceptual
not computationalcomplexity
Eg. 3D geometryfirst

Machine-Learningfor Elementary
Calculusfor10-year-olds



Resetcurriculafor
human-computeroptimisation..

What’s for the human?
What’s for the computer?

CT canbe a beachheadacrossall subjects..



Achieve:

Firstrate human problemsolvers,
not third-ratehuman computers

ie. workinga levelup fromthe machines,
not competingwithwhattheydo best...

Optimisinghuman-computer
hybriddecision-making



Achieve:

Better enfranchisement
acrosssociety

Avoiding“Computational’divide
Achieving“ComputationalKnowledgeEconomy”



Needs Revolution
not just Evolution

(80% not 10% problem)



Compare:

Mass Literacy (From 1800s)
Mass ComputationallLiteracy(2020s)




Early Countries
Leapfrogothers




Entera New Era of
ComputationalEnfranchisement

conradwolfram.com
mathsfix.org




