Buildingtomorrow’s
Core Computational Curriculum

Integratingcoding,
maths and STEM ...
fortheAlage
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Day job:
build the best
maths/computationtech »

FXWOLFRAM  LEMATHEMATICA ¥ WolframAlpha
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Wolfram «— Computation | 33 years

m Mathematica since 1987 (Steve Jobs named it!)

m Enterprise consulting since 2007
m Wolfram|Alpha since 2008

m Wolfram Language since 2014

m Enterprise Al since 2015

m Enterprise Cloud since 2016

m [nventors of symbolic computing

m Inventors of computational notebooks

m Supplying knowledge to Siri, Alexa and Microsoft 365

m Pioneers of enterprise Al




Day job: Computationfor Everyone
—> smartautomation

Extra job: Everyonefor Computation
—> computationalthinking
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The real world changed.
How should educationreact?
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Changed how?
UbiquitousComputation



Conrad Wolfram - Raspberry

High-levelcomputationnow applicable
everywhere,eg:

Always
(Maths)
Physics
Accounting

Newlyconceived
Programming
Data Science
SocialMedia
Finance

Newto computation
Biosciences
Historyandarcheology
MediCine(includingpandemicresponse)
Sports

Agriculture

Marketingand business

Pi.nb | 7
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Example: Agriculture

ﬁ sheep in new zealand v. people in UK
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Example: LinguisticProgramming

£ World War 2 battles
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Example: Biology

GenomeLookup ["
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Example: Image detection

’Stop Image contents| FaciaIGender| FaciaIAge| FaciaIExpression|
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Key technology:Wolfram Language

ProgramminglanguageAND
SupersetcomputationrepresentationAND
Humantechnicalcommunicationlanguage
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Dynamic [CurrentImage [ImageSize - 700] ]



Key Computationalsubfields...
Coding
Data Science
...butnot whole picture



Core humanskill;
ComputationalThinking

Manifested by maths education...?
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Maths/codingeducation

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

...Developingcomputationalthinking?
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Maths educationcrisis:
80% wrong subject?
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Key difference:
Computers

“In real-worldmath,computers do almostall the calculating;
in educationalmath, people do almostallthe calculating”
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Everyonefor “maths”/CT?

Key reasonsforthe “rightmaths”:
1. Technicaljobs
2. Everydayliving
3. Logicalmindtraining
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Value-add
Subsistence
Survival
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CT/maths process?

. DEFINE quesTiOoNSs

. ABSTRACT 10COMPUTABLE FORM (real world - abstract

. COMPUTE ANSWERS

c INTERPRET RESULTS (abstract » real world)
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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 710 COMPUTABLE FORM (real world - abstract)

3. COMPUTE ANsSwWERs

4. INTERPRET RESULTS (abstract - real world)
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CT/Maths:problem-solvingprocess

DEFINE y ABSTRACT )\ COMPUTE VYINTERPRET
QUESTIONS /  TOCOMPUTABLE FORM ANSWERS RESULTS
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Solve[{x+2 =2y, y—x =15}, {x, y}]
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Today’s mathseducationheadings
[Abouthand-calculating]

Similartriangles
Calculatethislongdivision
Completingthesquare
Invertingmatrices

SimplifyingSurdsand RecurringDecimals
Solvingsimultaneousequations
Thechainrule



Tomorrow’s CT/math headings
[Contextualproblemsneedingwhole process]

What'stheperfectpasswordforyourlogin?

AmIlnormal?

Shouldlinsure?

Howdoldesigncontrolsfor my game?

Areourincentivesworking?
Howdoweevaluateoursocialmediaeffectivenesg
Isafraudoccurring?

How muchcanyoucompressphotos videoor musicbeforeyounotice?

By howmanylevelsof friendsare we separatedon Facebook?
What's a beautifulshape?
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Remove the computer...
= removethe context



Remove the computer...
= differentcomputationaltoolset
= differentsubject

(4-steps’ cost- benefltanaly5|s

DEFINE ABSTRACT COMPUTE INTERPRET
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Reorderfor conceptual
not computationalcomplexity
Eg. 3D geometryfirst

Machine-Learningfor Elementary
Calculusfor 10-year-olds
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Example problem:can|spot a cheat?

Enter 200 coin flips | Computer's test results ‘

ththththththththththththththhthththhht-
httthhhttthhhtththththhthththththththt-
hthththththththththhthhthttthttttththth-
ththththttthththhththhthththhththththt-

hthhthhththhththhhthhthhthhthththhht-
hththth

Count: 196 data points

Modernalgorithmicthinking/ datascienceideas;onlypossibleif computer-based
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New ComputationalCurriculum
What to deliver?

Actuallearningmaterialsforteacherand student...
..tomapthecurriculum

Directedto modernoutcomes

Tethered to representativeassessments



New ComputationalCurriculum
Deliverables:

Directed learning(Modules)
Guidedlearning(Projects)
"Documentation"(Primers)
New Outcomes
Curriculumspecing process
New assessmentstypes

Conrad Wolfram - RaspberryPi.nb 33



34 | Conrad Wolfram - RaspberryPi.nb

Since 2010:

“Builda core computationalcurriculum
thatassumescomputersexist”



Conrad Wolfram - RaspberryPi.nb 35

Example module:
How fast canl cycle...?
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Example projects:
Independentproblemsolving
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New ComputationalCurriculum
Right Outcomes»
Right assessments


http://computerbasedmath.org/outcomes
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Outcomes: must engender
Al-age “Thinking”
Abstractionof thinkingtechniques

Hybridhuman-Almanagement
Intertwiningcreativityand process
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Outcomes, contexts, process, grades

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

Grade 0

Student j




40 | Conrad Wolfram - RaspberryPi.nb

Specification:dimensionsof outcomes

Grade.s123'45678

:CONFIDEMCE TO TACKLE NE'W PROBLEMS

Recalling the four-step process Desc — Desc — Desc : Desc — —
Applying the four-step process Desc : Desc — Desc — Desc — Desc
Managing the process of breaking large problems into small problems Desc | Desc — — Desc — Desc : Desc
Applying existing tools in new contexts Desc — Desc — Desc — Desc
Knowing how to teach yourself new tools Desc — Desc — — Desc : Desc —
Interpreting others’ work i : Desc i — — — : Desc : Desc : —
INSTINCTIVE FEEL FOR COMPUTATIONAL THINKING : : : : : :
Identify the usefulness of computational thinking for a given real-world problem Desc : Desc — Desc — Desc — Desc
A ing the plausibility of computational thinking being useful Desc — — Desc — Desc : Desc
Identifying fallacies and misuse of computation Desc — — Desc — Desc — Desc
Having a feel for how reliable 3 model will be Desc — Desc — — Desc : Desc —
m {Estimating 3 solution of the defined problem ; ; Desc i — — — . Desc: Desc: —
° :CRITIOUING AND VERIFYING : : : : : :
Quantifying the validity and impact of the assumptions made Desc — Desc — Desc — —
E Quantifying the validity and impact of tools and concepts chosen Desc — Desc : Desc - - Desc : Desc
Listing possible sources of error from computation failures or limitations Desc — Desc Desc —
Listing possible sources of error from concepts’ limitations Desc : Desc — Desc — — —
Identifying systematic and random errors Desc : Desc — - Desc -
= Being able to corroborate your results Desc — — Desc — Desc : Desc —
o Qualifying reliability of sources Desc : Desc — — Desc — —
Deciding if the results are sufficient to move to the next step, including whether to
Desc - — Desc - Desc | Desc —
abandon
: :GENERALISING & MODELITHEORY{APPROACH
E Identify sm.ulantles and differences between different situations for the purposes Desc | Desc - - Desc - - Desc
of abstraction
: Taking constants from initial model and making them variable parameters Desc — Desc : Desc — Desc
- Being able todraw wider conclusions about the behaviours of a type of problem Desc : Desc — — Desc — Desc
‘ g :Implementing a generalised model as a robust program : Desc | — — : Desc: — : Desc:Desc: —
- : COMMUNICATING AND COLLABORATING : : : : : : :
Distilling or explaining ideas visually Desc : Desc — — Desc — —
Distilling or explaining ideas verbally Desc — —b Desc — Desc : Desc —
Distilling or explaining ideas through written description Desc : Desc — Desc — — —
Using vocabulary, symbols, disgrams, code accurately and appropriately for your Desc : Desc — — Desc — —
Choosing the best form of communication for a given purpose Desc — Desc — — — - -
Structuring and producing 3 presentation or report Desc — — Desc : Desc | Desc — Desc
Being able to work effectivelyin a group to solve a problem Desc — Desc — — Desc — Desc
Deciding which facts support or hinder an argument Desc — — — Desc — Desc
Understanding and critiquing ideas presented to you Desc — — — Desc i Desc —
Using technigues for questioning, interrogation, cross-examining Desc — Desc : Desc — Desc | Desc —
{DEFINING THE QUESTION : : : : : : :
Filtering the relevant information from available information Desc : Desc —) Desc — — —
Identifying missing information to be found or calculated Desc : Desc — — Desc — —
Stating precise questions to tackle Desc — — Desc : Desc | Desc — Desc
Identifying, stating and explaining assumptions being made : Desc : — : Desc: — — : Desc : — : Desc
{ ABSTRACTING TO COMPUTABLE FORM { { { : { :
Identifying the purpose of the abstraction Desc | Desc — Desc — — —
Creating diagrams to structure knowledge Desc : Desc — — Desc - -
Identifying relevant concepts and their relationship Desc — Desc — — Desc — Desc
___________ Understanding the relative merits of the concepts available Desc i — —+ iDesc:Desc:Desc: — @ Desc
Beinz able to present alternative abstractions Desc g Desc - g Desc - b



Process Outcomes

Contexts

ONCEPT-C1 C2C3 C4

Being able to describe the concept

Recognising whether the concept applies

Knowing which tools are relevant to the concept
Having intuition for the relative merits of the concept
ples

2D and 3D shapes Cilc2:C3Ca: — — — — — —
Charts and information visualisation Cl iC2C3: — = ca — =
Equation solving C1 c2 c3 — ca — —> —
Colours C1l C2 :C3Ca — — — — —

{TOOLS-Tb Ti Ta Tc Tr
Having intuition about the tool’s behaviour
Composing appropriate and accurate input for the tool
Applying the tool or demonstrating experience of its application
Being aware of comparable tools
Understanding the relative merits of different tools for use in the context

Examples

Plus TiTa : TbTc - — - — - -
Polyzon TiTa : TbTc : Tr = - = -
PieChart3D TiTa : TbTc Tr — — -
GeometricTransformation Ti Ta Tb — —

i MANAGING COMPUTATIONS H
Choosing an appropriate technology Desc — Desc - = — - —
Being able to interpret documentation Desc — — Desc : Desc | Desc - Desc
Assessing the feasibility of getting 3 useful answer Desc — Desc — — Desc — Desc
Havingintuition about whether the output is appropriate for the context Desc — — — Desc — Desc
Combining tools to produce results required Desc | Desc — — Desc - - Desc
Isolating the cause(s) of operational problems Desc : Desc — — Desc — — Desc
Resolving operational problems Desc — Desc | Desc - Desc
Optimising both speed of obtaining results and reusability of computation Desc : Desc : — — : Desc: — : Desc

:INTERPRETING : : : : :
Reading common and relevant representations and notations Desc @ Desc - = Desc - -
Making statements about the output in the context of the original problem Desc —b Desc — —3 —$ —
Identifying and relating features of the output to real-world meaning Desc — — Desc : Desc : Desc — Desc
Identifying interesting features in results Desc — Desc — Desc — Desc
Inferring a hypothesis beyond the current investigation Desc = — = Desc — Desc

__________ rimary contexts : :

Biotechnology and Healthcare: Medicine Desc | Desc | Desc — Desc : Desc — Desc
Biotechnology and Healthcare: Fitness Desc — Desc | Desc — — Desc | Desc
Finance and Economics: Banking Desc | — Desc Desc | — -
Finance and Economics: Insurance Desc : Desc — Desc — — —
Data Science and Business: Statistics Desc | Desc — — Desc — —
Secondary contexts : : : : :
Engineering: Architecture Desc : Desc — — Desc — —
Biotechnology and Healthcare: Bioinformatics Desc — — Desc — Desc : Desc —
Finance and Economics: Investing Desc | Desc - Desc — - —
Finance and Economics: Economics Desc : Desc — — Desc — —
Science: Astronomy Desc — Desc — — — — —
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Today's maths We're already doing a new Get the
trains your mind computer science subject basics first

Today's maths helps with
You need to know how

the computer works first real-world Computation : .
We're already doing

maths with computers

Objections

Children have too Hand-calculating
much screen time teaches understanding It's too risky to

make this change
You need evidence before

you make this change

Computers dumb
maths down



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

le. Al drivesneedfor change,also providestools
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First detailed proposal
for fundamentalchange

AN EDUCATION BLUEPRINT FOR THE Al AGE

CONRAD WOLFRAM

Part I: 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
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New ComputationalCurriculum
Achievewhat?
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Achieve:

First rate human problemsolvers,
not third-ratehuman computers

ie. workinga levelup fromthe machines,
not competingwith whattheydo best...

Optimisinghuman-computer
hybriddecision-making
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Achieve:

Better enfranchisement
acrosssociety

Avoiding“Computational”divide
Achieving“ComputationalKnowledgeEconomy”



Needs Revolution
not just Evolution

(80% not 10% problem)



Jointhe C’
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Campaignfor Core ComputationalCurriculumChange

Human role

Mainstream

Realistic

Toolset

Urgency

Stand on the power of computers, don’t compete with them.

(Make first-rate human problem-solvers, not third-rate
human calculators.)

Establish a mainstream, core computational thinking
curriculum for all.

(Not for its own sake but to power problem-solving across all subjects.)

Use the real world as your guide for what to learn:
concepts, strategies and toolsets.

(Computers opened up real life to computation; education should too.)

Prioritise breadth of computational applications over
the details of their implementation.

(Don't exclude what you can't hand calculate or can't explain about
the computer’s calculations.)

Implement Computational Thinking education—
society’s key preparation for the Al age.

(The cost of delay is mounting year on year.)

| a9



Compare:

Mass Literacy (from 1800s)
Mass ComputationalLiteracy (2020s-)



Entera New Era of
ComputationalEnfranchisement

conradwolfram.com
mathsfix.org
wolfram.com
wolframalpha.com
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UK: can we lead?

Topic1:
Tweak existingcurriculaand qualifications?
Add somethingnewasanoption?
Startoveranddoit properly?

Topic2:
Whatage/stageto start?

Topic3:
Overcominginertiaof the system:
assessmentgtraining,hardware time:whatto looseto makeroom?

Topic4:
Wherearetheteacherscurrently?
Science?Maths?Computing?Technology?Business?Humanities?



