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Saving the Princess with BundleNumber

Once upon a time Princess was stuck in division. She simply could not do 336/7 a
locked herself in behind a bush of thorns. The King summoned all the Wise who ac
that the Princess should b®tivated by reformulating the task to split 336 among 7.
Only a newcomer objected that the tas
tens, so please wait at the | awn out s
above or below or tde right or left of 336, the Wise recommended all methods triec
together with an alternative method saying no method at all allowing the Princess t
invent her own method. But nothing helped.

RNAre there no other met hoids® ahloed.s ©

newcomer with crazy ideaso. But in sp
him in.

AYou al so want to teach me division?a
sticks that we will cuonunretd.?00 @B uNe twhdy

bundles of 2s. As we see on our hand, this can be done in three ways: as 1 bundle
2 bundles & 1, and as 3 bundles less 1. Using the cup for the bundles, we see that
numbers have inside bundles and outside singlesthat a total can be counted in the
standard way or with an outside over|l

But i sndét 336 a name -Ifiome A0 ptohentPirfian

No. 336 -numbenas éveryonelclaimsgitis a bunalenber. Aking 3year
olds fiHow ol d next time?0 they say 4;
I s not 4 that is 2 2s.0

Children both see and count the bundles; and co [

to school with 2dimensional bundieimbers or
block-numbers with the core of ileematics inside
them: 3 2s may be added to 1 4s in two ways; or
top, the units must be the same, and changing u
IS just another word for proportionality; and ndot

means adding areas which is just another word f
integral calculus.

So 336 is a bund-number with 33 bundles inside
and 6 singles outside. Wanting 28 bundles inside
move 5 bundles outsigdeo33B6 and 28B56 is the
same number just recounted with an overload.
Counted in 7s we have 4 inside and 8 outside.
Consequently, a btk of 33 tens & 6, or 336, can
be recounted as a block of 48 7s; which makes
sense since a shorter

All of a sudden, the thorns changed to ro3é&& Newcomer got the Princess and half
kingdom where they lived happiever after.
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GoodMath: MAN Y-Math

Tales aboutl otals
MANY-matics A Natural Science abolMtANY

Meeting MANYwe ask:

“HowManyA Yy ¢ 20 f K¢

To answer, we Bundleand Stack in Blockg

T=345=3B +4*8+ 5*], or

T =345 =3*B"2 +4*B + 5*1,

TheSIMPLICITof MANY-Math
Firsticonize& Count& ReCount
then AddOnTop& NextTo

4 ways to add:+ , *
Algebra . Variable Constant
unite/ split
Unit- T=aHh T =ah
numbers T-a =n T/a =n
Per T =nJ ¢ T=am
numbers dT/dn=a loga(T)=, K ¢ T




BadMath: SETMath

Tales about_ineNumbers

METAmMatics concepts as examples of

abstractions, notsabstractiors of examples

00. Digits aresymbols noticons

01. Numbers are.dimensional linear nameganot
2dimensionalbundle-blocks

02. Onlyten-counting, noicon-counting

03. Nonly 42T = hTo=t4.2 ten’s

04. Add & SQubtract before Multiply & Divide

05. OnlyOnTop addition- no NextTo addtion

06.6*7 1S 42-not 6 /sor 4.2 tens

07.8/4 1S &plit by 4 not 8countedin 4s

08. Nore-countingto createor removeover- or
underloadswhen operating on numbers

09. Solving equations bgeutralizing not by re-
countingin iconsor reversed operations

10. Functions aset-relations; not as numbef
languagesentencesabout the Total

11. Planebefore coordinate geometry not
trigonometry before coordinate geometry

12. Differential before Integral Galculus.



EVIIMATH:Haction-Math

Tales aboutOperators
Mathema-TISM True inside, but seldom outsid

B | [ ]
Chim: 1/2+2/3 1S 7/6
Butl blueof 2 + 2 of 3 is Bluesof 5,
and not 7bluesof 67

Claim 2+3 IS 5
But 2weeks + 3days is 17days?

Never ADD without units

00. Fractions are numberanot operators needing
numbers to become numbers

01. Fractions add withotiunits; not with units
making it integral calculus

02. Fractions beforgercentages and decimals;
not the inverse order

03. Fractions are equivalence classisa set
product; notper-numbers from double
counting in the same unit




00. Bundle in Icons L H5 e 5
01. Count withBundles.0OB1, 0B2, 0B3,X,1B0, 1B1
02. Count in BundlesT=5 =HH1=2B1 = 2.1”s
03. ReCount formul@redicts. T = (TB)*B

from T, T/B times, B is taken away

04. ReCount. Same unit. =5 =2.1=1.3=312s

LITTI=HHL = HITI=HHH
W=t 1= Newunit. T =23s=1.24s=1.15s

05. ReCountfromiconstotens T = 34s=3*4 =1.2tens
from tens toicons. T = 42 = 7s= X*/
06. Add OnTop® T = 23s+ 45s=5.15s
NextTa ==l T = 23s+ 45s5= 3.28s

Multiplication first, then additioniftegration Sy* LX)

07. Adding reversedl = 235+ ?55=3 8S ggy s

Subtraction first, then division (differentiatidi/5)

08. DoubleCountPerNumbers2$/5kg = 2/5%$/kg
09. PerNumber-> Fraction2$/5% = 2/5 (Same unit)
10. PerNumberadd by ares. ==l T =Sy*Dx[  dx.
11. Couning lines and rotations.Trigonpmetr
12..Coordinaing Algebra & Geometry

MATH:CADEMY .ne¢
a Viruse-cadeny
Ask, not the instructor, but Many itse




Core Mathfrom Childhood

Proportionality in Primary & Middle School
1 Recountto changeunit: 23s=(2*3/5)*5 = 1.15s
1 With 28/5kg, 2Gkg = (20/5)*%g= (20/5)*25 = 85

1 Adding OnTop2 3s+ 45s= ?5s
-

Calculusn Primary & Middle Schoo
1 Adding NextTo 2s+ 45s= ?8s

2kg at  3%/kg t$/kg
+ 4kg at  5%/kg 5
(2+4)kg at 8+5)%/kg 3 A%5
Unit-numbersadd ontop. %3 §
Pernumbersadd nextto asareas >
under the pernumber graph. 0 2 6 kg
~ormulasin Primary & Middle School

1 NumberLanguage Sentences about the Total, T = 4.24etis
1 The general NumberFormula= 3B"2+4*B+5with its examples
TT=ax"2+Db+cT=m*x, T=m*kc, T=a*x"n, T=a*n"x
Equationsin Primary & Middle School
Recounticons « tens: x*7 = 42= (42/7¥7, x = 42/7 (opposite sideX sign)
The ReCount Formula is all over Mathematic:
ReCountformula: T=(T/B)*B WF NR Y ¢ I igik-.| SlyA ¥ S5
ReCounting T =(T/B)*B T =8 = (8/2)*2 = 4*2 244
Proportionality $ = ($/ka)*kg $ = picerkq
Coodinate Geomet| Dv = DvIDx)Dx Dv = mbx
Differential Calculu| dy = (dy/dx)*dx dy = y*dx
Trigonometry a = (a/c)*s sinA*c a =(a/b)*b tanA*b
Linearity y = k*X F = m*a, dist = vel*titne,
Eigenvalues Hy = EY Schroedinger Equation




Grand Theory in Math Ed Res.

BAUMAN& WEBERBeware of GoaMeans exchangs

ARENDT - and of the Banality of Evijust following orders
HEIDEGGERespect the Subject §uestionthe Predicate
FOUCAULT - alsoquestionCures and Institutions

Difference Reseadh

FindingDifferences making difference
AlmostEverythingcanbe Different

DIGITS lconsvs. symbols

NUMBERS 2D bundlw-blocksvs. 1D Ine-names
OPERATIONS Iconsvs.inter-set mappings
ADDITON OnTop/NextTo vs.only OnTop
MULTIPLICATIONRe@untingto tens vs.tables
DIVISION ReCountingfrom tensvs. splitting

RECOWTING Changingunits vs. neglect
DOUBLECOUNTINPropartionality vs. neglect
PERNUMBERS  Core numbers vs. neglect
FRACTIONS PerNumbersvs.rational numbers

FRACTINS Operarsvs.rational numbers
FORMULAS Total statenents vs.inter-set relations
EQUATIOR ReCount iniconsvs. open statements

GEOMETRY Trigonometrybefore coord.geometry
vs.plane geonetry first

POLYNOMIALS Number-formulasvs. functions

CALCULUS Integrate bef. differentiate vs. inverse



Math Dislike CUREL
By 1 Cup & 5 sticks

My Many Math Tears will not Stayf | Bundlethe StrayAway

BundleCOUNTIrst - then ADD

‘T=s=u111 =(0I11=13 =1B3 =1.3 25 |
T=5=IIll =001 =2]1 =2B1 =2.1 2s
\T:5: I 1 :H| :3:-1:38-1:3.'1 23/

3 ways toBundleCount Overload, NormalUnderload

ReCoun#d7intens. T =47 =4B7 =3B17 =5B-3 tens

NO,4x7 is not28, but 4 7s, or 2B8 = B18 = B-2tens
NO,30/6 is not 30split by 6, it is 3 tens split (recounted) in 6s

BundléNriting tells Inside Bindlesfrom Outside $hgles

65+2F @BO+B/=B12=B2= 92
65-2/= @528/ = 82=3B8= 38
/X448 = Ix 88 =2856 =3B6 = 336
336 /7= 33B6 /7 =28B56/7 =488 = 48

65+27= 65+27=812=92= 92
65-27 = @5¢2]7= 42=38= 38
7x48 = 7x38=2856=336= 336
336/7 = 336/7=2956/7=48= 48




Improving Schools in
Sweden:

An OECD Perspective

A&

to Improve School
choose
or or
Math Education

&) OECD




Migrant-Math

Migrants returning to rebuild as
STEMTIeachers/Engineers

Yoyear STEMCourse using th&IMPLICITaf MANY-Math
Count ReCoun& DoubleCounbefore Adding

U Blocknumberswith units,not line-numbers without units

U Dividng & multiplying & subtraction first adding much later
U Proportionality afReCounting The ReCourbrmulaT = (T/B)*B
U Multiplication tables afkeCounting
U Equations aRkeCounting
U Fractions & statistics d&3erNumberdrom DoubleCounting

U Adding OnTop &lextTo (proportionality & calculus)

U Trigonometry before coordinate geometry

U Functions ag otalformulas,not setrelations

U Calculus as addifgerNumbersand fractions with units

U Integral calculus before differential calculus

x PerNumberan Time, Space, MatteForce and Energy

Joule/second, Joule/kg, Joule/degree, meter/second, kg/m”3, g/l, Newton/m”2.
x Warming and boiling water

Warm whisky on the rocks in cold water. What is the end temperature?

X Letting steam work

Increasing the volume 20% and decreasingtémeperature 10% changes the pressu
X An electrical circuit

A 60Watt bulb supplied by 110Volt results inietlturrent at which resistance

x How high up and how far out

With 30m/s a ball is send up a 30degree incline lifted 1.23 m. What happens?
X Constructinga road up a steep hill

How many turns will a 10degree road have on a 1x1 km”2 30degree hillside?
x Producing alcohol from sugar

How much alcohol comes from 34.5gram sugar?

STEM: Science + Technology + Engineering + Matl



MATIECADEMY.ne

C O U n tbefore youAdd

MatheMaticsasManyMath
a Natural Science aboMANY
CureMath Dislike UseKidQ a 2 d8ifck\mirBberswith Units

Count

CLHCESHE

Inlcons T=111£4H=14

In Bundles T=7=1111111=1HIT1=2813sor 1B4 3sor 3B-2 3s
ReCount ReBundlao createOverload& Underload

In same Unit T=7=11111118P3s=1B43s=3B-23s

In new Unit T =2B13s=18B34s=1B2 5s= 31 2s= 1BB1B1 2s= 11B1 2s
ReCount B s

In Tens 3 7s=?tens Answer: 3x7 = 21 B2 tens

From Tens ? 7s=3tens Answer: (30/Jx7 = 82 7s - =]

DoubleCount
in PerNumbers
in PerFive, 3/5
in PerHundred, %

With 4% per 5kgr 4/5 $/kg T = 20kg = (20/5) x 5kg = (20/5) x 4% = 16$
3/5 of 200$ = ?$. 200$ = (200/5) x 5% (200/5$)gives (200/%) x3 = 120$
70%o0f 300$ = ?$. 300$ = (300/100) x 1GO$00(300/100$)gives (300/108) x70= 210$

Calculator

Predi¢ion T = 24s= ?5s= 1B3 5ssince 2X4/5 1.som

RecountFormula| T= (I/B) xB=T/BBs [2X4C 1x5 ?j
Add

NextTo T = Bs+ 45s= 32 &< IR Integration '

OnTop T =23s+ 45s=1B1 55+ 45s= 81 5s Proportionality
Multiply, Divide

Use 7 X63 =7 x6B3 = 42821 = 4481 =441 7x63=7x6|3 =4221 =441 = 441

Bundl&/Vriting 245 /7 =24B5/7 =21B35/7 =3B5=3F 5/7=245/7 = 2135/7 =35 = 35

T =7 = Bl 3son anAbacus

-iiEE, -

Geometrymode

MrAlTarp [@]
YouTube Video ;

Allan. Tarp@MATECADEMY .ne

e

Algehlreode

MATHCADEMY .net
2018 offer:Week 011~

Teaching Teachers to Teach
MatheMatics asvVianyMath
PYRAMIEDUCATION

¢ CATSGount & Add inTime & Sace

proi




Kids own Math ¥4

NumbemBlocks,Rehaped Proportionality) - or adde :
NextTo (CGalculus), predicted by th&Count-formula T =1/B)%B,.

U You will be 4 next time?
Yes, but that is not 4, it isZ5

Il I'l IHow many?| 12s& 3

I 22s&1 or 32sless1

Talking with a 5year old How many 5s?

[II1 [1H1 Il |Bunding,Itake 5 away 2 timesThatleaves?2 singles $ 25s& 2

Can you predict it with a calculator?
[3X4/5 2 som]f 3 4s is 3x4. Taking 5s away means dividing by 5. It gives 2. Ther,
3X42X5 4 5s is taken away with minus. It gives 2 alsoa@ain2 5s& 2

How about adding 3sand 45s? Ontop or nextto? Both, please
' Ontop: T =23s+45s= 1B1 5s+ 4B0 5s= B1 55
_ Next-to: T =2 3s+4 55s=0B6 8s+ 2B4 8s= 2B108s=3B2 8s
How manytensis 37s?
Onanabacus | seehtat thewidth islonger, so the heightsshorter.
| take 3 from the top 2 times to gé&éns. So2tens& 1

How many7sis 307?

30 is 3tens, Onanabacus | see, that the widik shorter, so the
heightislonger. | take 3 to the top 3 times to geins. So4 7s& 2
Can you solve the equation x*5 = 20?

You mean how manysin 2tens? You just count 20 iBsby dividing
by 5, 20/5gives 4 So 20 = &s. The answer is 4.

456 This means what2 bundle-bundlesand 5bundlesand6 singles

_ If 3Bsis the same as Bs then whatis 15Bs?
BBB = DDDL Well | just count 15 irBsand get 53s, so | have Ds5 times, 54sDs

A BlockNumber contains3 numbers:the COUNTERhe UNITand theSINGLES

T=43 = 4 ten 3
‘T:Z.l?,s 2 3 1
Counters: don’t add wunless the
Units: don’t addtp unl ess you ad:

Singles Add, but be aware of bundles
Geometry & AlgebraAlways togetherg never apart
In Numbers, ReCounting, Mplication, Addition etc.



| | | | |
4 Counted in 3s
Sticks
G-counting A-counting

(RN layout 1111 lay out
HH bundle bundle

H®_“® cups

I stack 1) 1) cup-writing

4

Round it up & Color it

T=1.13s Total [T=1.13s Total

x | x & )] ] D D D = a
s x Ed ] ] D D D =) =
M | oA Z | 3 [ 3 [+ [+ [+ [+ |+
Abacus x K el s ] + + + + +
G-mode A-mode E S I I I = 2| =
Walk, Act & Letter it
@
m:— ) D

e 14

@

@

e SEEEHH

Calculator

Unite it

4/3 1.some
4-1x3 1

T=4=113s

Preface MATHeCADEMY net

EAA

Contents

Split it

Introduction to the Chapters

01. From Sticks to lcons ...

03. CupCounting in lcons

02. Counting in lcons ...

03.

Do Calculator

T=1brenrnnn

CupCounting in lcons ... 9/5 1some

a

Tzl
in G5 |Stack | DN T T T
Cup T=1j4 5:=0)8 5:=241 5z

8-1%5

04,
0!

- CUPCOUNTING Wit DICES e e e nes s s e e es e smmaene

- ReCounting in The SamMe UNiT... ..t s PR P MATHeCADEMY net

9-2*5 -1

06.
07.

ReCounting ina New Uit

Answer |T=5=14 55

ReCounting in BundleBundles ...

Line T=rirenennn

Count | 1,2.3,B, 181, 182, 163, 28, 281
08. 281

ReCounting in Tens on Squared Paper or an Abacus.. 9-2%4 1

Bundle |T=d1+441

09. ReCounting from Tens .. Cup T=2)1 45=1)5 4s=3}3

Bnswer (T=06=71 45

4
a-1"a 5

10

. ReCounting Large Numbers in Tens ... -3 3

1
1

=

- DoubleCounting with PErNUMDBETS ... e e e e

Line

. DoubleCounting with Fractions and Percentages ... 2 Count

Bundle

13. ReCounting PerNumbers, Fractions ... ...

in 35 |Cup am
Stack

1 AN O T O e ettt e e

Anzwer

15. Reversed Adding OnTOP e e e

Line

16. Adding NextTo ................ Caunt
17.

Bundle

Reversed Adding NextTo.

Cup

8 AINE TENS e e
15.

Stack

Reversed Adding Tens e

Brswer

Line

. Recounting Solves EQuations .

Count
Bundle
Cup
Stack

Arswer

MATHECADEMY.net



1Yearonline CATSCourse
CATS: Count & Add in Time & Space

1: Primary, 2: Secondary Schoo

Self Instructing QUESTIONS

How to count Many?
Cl |Howtorecount 8 irBs T=8 = 13s
COUNTHow to count in standard bundles?
How to recount &gin $with 2$/4kg: T = &g= %

C2 |How can we count possibilities?
COUNTHow can we predict unpredictablfeimbers?

How to addblocks concretely?

AADlD T =27+ 16 =ten7 + Xen6 = 3enl3="7
How to addblocks abstractly?
What is a primeand a foldinghumber?
A2 .
ADD What is a penumber?
How to add pemnumbers?
T1 How can counting & adding be reversed
Counting Bsand adding 2 gave 14.
TIME .
Can all calculations be reversed?
How to predict the terminal number
T2 .
TIME 1 If the change is constant?

1 If the change Is variable, but predictable?

S1 |How to count plane and spatial propertieskbcks
SPACEandround objects?

S2 |How to predict the position of points and lines?
SPACEHow to use the new calculation technology?

oL What is quantitative literature? Doesalso have the
3 different genres: fact, fiction and fiddle?




1Week STEMCourse
The Simpligy of Math:
FirstCount& ReCount then Add OnTop & NextTc

Day 01.Good& Bad& EvilMath in General
The root of math: MANY or SET

Day 02.Good& Bad& EvilMath in Primary Shool
Iconize& Gount & ReGount before youADD

Day 03.Good& Bad& EvilMath in Middle Shool
DoubleCounting andPerNumbers vsHactions

Day 04.Good& Bad& EvilMath in High School
Calculus: adding locally constaRerNumbers

Day 05.GoodMath in aSTENMsetting
PerNumbers Prediatg Matter in Time andSpace

Spring 2018 ffer

Wee k 01: ¥




|Is Math Tru@aways orsometimes?

Is this True | Always Never Sometir

2+3=¢ ;

2weeks + 3days = 17days; only with the si
— AaxXx
2X3=¢C

2x3 is Bslll llthat camlwayde recounted 4s

+-=- @0 @O x

1 red of 2 apples + 2 of 3 is 3 of 5, and not

—_t—-=- X
Only if taken of the same

e for example 2+x, but not 2+3.e. a name for a calculatio

: with an unspecified amber before SET, 1750900
AFUNCTIONk P . (before )
e an example of a set relationwhere first component

identity implies second component identigyfter SET1900)

Is Mathematics Well Defined”.

Ancient Greee

A commonLABEIlfor Quadriviunt Arithmetic, Geometry, Music &Astronomy
(Many by itself and in space & timd@yivium: Grammar, Logic, Rhetoric

PreModern
A commorLABEIor Arithmetic& GS2 YSGUGNET RATFTFSNBY

Modern
A selfreferring SETof Proofs about SETderived Goncepts

PostModern
Many-math: ANatural SCIENOBunting &Adding& PredictingViany.



PYRAMIEDUCATION

8 learnersorganized in 2 teams with 2 instructors and 3 pairs by t
1 Each pair works together to sol@unt&Add problems.
1 The coach assists the instructors when instructhgr team and
when correcting thedount&Add assignments.
1 Eachlearnerpays by coaching a new group adkearners
1 Coach
2 Instructors

3 Pairs
2 Teams

aterial: short& selfinstructing
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_ o | 3 STOCKS ARE SPLIT
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Bewareof

INSTITUTIONSchanginggoals and means

{ The goal of matreducation is toleasr—ath
master Manywith quantitative competence

TEACHER&CchingBad & Evil math

M LINEnumbersinstead ofBUNDLEwumbers
{ Addition before Counting & Multiplication
1’
1’

| AddingFRactions without units
 Differential beforelntegral Calculus

RE&EARCldncritically

{ researchngitself instead of math education
{1 exemplifying instead of questiomg itself
{acceptng math as selreferring MetaMath
{acceptng 50 years of unsuccessful research

FORCED CLASSES

{ Constraining young people to stay with their
agegroup for several yearsinstead of choosing
their own dalily Y2year blocks in order to uncover
and develop their personal talent



EDUCATION

GOOL

Primary

Secon
dary

Anextraparent through a warm Nanny teaching
Language&Society and Mathematics&ile

Support for the individual identityvork through
selfchosen academic or practical Y2year blocks v
1-subject teachers apprising the talent or the
courage to try out the unknown

BAD

Primary
Secon
dary

Multiple teachers from grade 1

Fixed classs and schedules forcing teenagers t¢
follow the agegroup for several years; thus makir
the school &PRISPITAL(Foucault) combining the
power techniques of RISONyou can leavafter
4 years with a leave aftéd hourg and aHOSPITAL
(youwilbecub R F2NJ 0KS RQo 3y

EVIL

Primary &
Secon
dary

PracticingGoal Displacemen{Bauman) so a mean
becomes a goal.

The goal of math education is to learn math?
NO.By selfreference math education then
becomes an undiagnhosed cure.

YESThe gal of math education is to Master Man)
through Quantitative Competence
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Allan Tarp, MATHeCADEMY .1kg 2018 MADIF Conference

The Simplicity of Mathematics Designing a STEM-based
Core Math Curriculum for Young Male Migrants

Educational shqrtages described in the OECD report

Ol mproving Schools i n Sweden
education/offerggd to young male migrants wanting a more
civilized nelp develop and rebuild their
own country.“R¢s Relp as withessed by
continuinglaw Pl Ite 50 years of mathematics
education research. : 2 Can mathematics
and education and researchQe di IRg migrants to
succeed instead of fail?

research finding differences ghce, ghows it can.
STEMbased, mathematics beco bottorup

Math Competenc(i)es - Catholic or Protestant?
Introduced at the beginning tfe century, competencies

: wﬁ‘crea 2d math education research mediated
S
O |

resuft. cam urghise, asdid the critical 2015 OECD
repar t Jv' g chools 1 n S\
competencie ? X soCi icabview looking for a goal

3 any means, to be
replaced by other means iFrebidirmst outsjde goal.
Only the sebased university version is &ccepted as
mathematics to be mediated by teachers thrpugh eight

competencies, where only two are needed.to master the outside
goal of mathematics education, Many.






The Simplhemayi o Dasi ¢
STE-Mased Core Mat hemat i
Young Mal e Migrant

Al l an Tarp
The MATHeCADEMY. net

Educational shortageslescribed in theOECD r eport 6l mproving
S w e d @allénge traditional math education offered to young mailgrants

wanting a more civilized education to return help develop and rebuild their own
country. Research offers little help as withessed by continuing low PISA scores
despite 50 years of mamaticseducation research. Can this be different? Can
mathematis and education and research be different allowing migrants to succeed

instead of fail? A different research, differeresearch finding differences

making a difference, shows it can. STH&bked, mathematics becomes Many

based bottorup Manymatics instad of Sebhased topdown Metamatics.

Decreased PI SA Performance Despite |rn
Being highly useful to the outside world, mathematics is a core part of
institutionalized education. Consequently, research in mathematics education has
grown as utnessed by the International Congress on Mathematics Education

taking place each 4 year since 1969. Likewise, funding has increased as seen e.g.

by the creation of a Swedish centre for Math Education. But, despite increased
research and funding, the formmaodel country Sweden has seen its PISA result
decrease from 2003 to 2012, causing OECD
in Swedend describing its school system

PISA 2012, however, showed a stark decline in the pedoce of 15yearold
students in all three core subjects (reading, mathematics and science) during the
last decade, with more than one out of four students not even achieving the
baseline Level 2 in mathematics at which students begin to demonstrate
competacies to actively participate in life. (OECD, 2015a, p. 3).

To find an unorthodox solution let us pretend that a university in southern
Sweden arranges a curriculum architect ¢
50 years of mathematics education resleaand derive from this theory a STEM
based core mathematics curriculum for yc

Since mathematics education is a social institution, social theory may give a
clue to the lacking success and how to improve schools in Sweden and etsewher



Social Theory Looking at Mat hemati cs
Imagination as the core of sociology is described by Mills (1959); and by Negt
(2016) using the term to recommend an alternative exemplary education for
outsiders, originally for workers, but today alsekgable for migrants.

Bauman (1990) agrees by saying that s«
again the world hitherto oppressive in its apparent fixity; it shows it as a world
which could be different from what it i s

Mathematics educaton i s a rati onal organization
spelled out, and the actors concentrate their thoughts and efforts on selecting such
means to the end as promise to be most e

The ideal model of action bjected to rationality as the supreme criterion
contains an inherent danger of another deviation from that purploselanger

of so-called goal displacement. (..) The survival of the organization, however
useless it may have become in the light of itginal end, becomes the purpose
in its own right. (p. 84)

Such a goal displacement occurs i f say
is to teach and | ear n ma-teterenoeasuch a goal. Fur
statement is meaningless. So, if matleet i ¢ s i snot the goal

education, what is? And, how well defined is mathematics after all?

In ancient Greece, the Pythagoreans used mathematics, meaning knowledge in
Greek, as a common label for their four knowledge areas: arithmetic, ggometr
music and astronomy (Freudenthal, 1973), seen by the Greeks as knowledge about
Many by itself, Many in space, Many in time and Many in time and space. And
together forming the o6quadriviumdé recomr
toget heri uwmdét c otntsriisw i ng of grammar, | ogi

With astronomy and music as independent knowledge areas, today
mathematics is a common label for the two remaining activities, geometry and
algebra, both rooted in the physical fact Many through their ofiginane ani ngs, 0
measure earthod in Greek and O0to reunite
countries taught counting and reckoning in primary school and arithmetic and
geometry in the lower secondary school until about 50 years ago when they all
wererephced by the O6New Mat hemati cso6.

Here the invention of the concept SET created ebSets e d-m@me t 3 6 as ¢
coll ecti-pnowéedn®@wetl dat echeht seddoaoaonodoevet $.
owedlelf i ned?®6 me a n t -referentej irei definingb tggowrs asl f
examples of abstractions instead of botigonas abstractions from examples. And
by looking at the set of sets not belonging to itself, Russell showed that self
reference | eads to the c¢classical l i ar p
true and true if false: IfM A b AA)iuthen M M U MI M.

The ZermeldFraenkel Setheory avoids selfeference by not distinguishing
between sets and elements, thus becoming meaningless by not separating concrete



examples from abstract concepts. In this way, SET transformed grounded
mah e mati cs i nnteof drordianag sGmdtl & a mmatict ur e of
and O6matihemdé true inside but seldom oul
numbers without wunits -erasmple§dseqy.28eeksE 56
3daysis 17 days;inconttas t 0 02x3 =606 st acbuntedgpgs@lb.at 2 2
So, mathematics has meant many different things during its more than 5000
years of history. But in the end, isnot
shapes and numbers and operations?Weat each 3*8 = 24, i sno
The problem is twdold. We silence that 3*8 is 3 8s, or 2.6 9s, or 2.4 tens
depending on what bundi@ze we choose when counting. Also we silence that,
which is 3*8, the total. By silencing the subjectofthesee nce 6 The t ot al
we treat the predicate, 3 8s, as if it was the subject, which is a clear indication of a
goal di spl acement, according to what B e
Copernican revolutiond of H&ide&yger aski
Heidegger sees three of our seven basstatements as describing the core of
Being: o6l amé and o0it is6 and O0they are
with They, with Things and with Others.
must create an authentic relationship to
the oO6dictatorshipd of the O-prisomgpfdde shutt
talk, gossip.

This Beingwith-oneanot her di ssol ves onedbe own Dase
kind of Being of 0t he Ot hersé, i n such
distinguishable and explicit, vanish more and more. In this inconspicuousness

and wunascertainability, the real dictato
Discourse,whichbelosg t o t he essential state of Das:
in constituting Daseindés disclosedness, h
(Heidegger, 1962, pp. 126, 169)

Heidegger has inspired existentialist thinking, described by Sartre (2007, p.
22)as hol ding that oéexistence precedes e
Derrida, Lyotard, Foucault and Bourdieu in poststructuralist thinking pointing out
that society forces words upon you to diagnose you so it can offer cures including
one you cannotefuse, education, that forces words upon the things around you,
thus forcing you into an unauthentic relationship to yourself and to your world
(Lyotard, 1984; Bourdieu, 1970; Foucault, 1995).

As to the political aspects of research, Foucault says:

It seems to me that the real political task in a society such as ours is to criticize
the workings of institutions, which appear to be both neutral and independent; to
criticize and attack them in such a manner that the political violence which has
always exerised itself obscurely through them will be unmasked, so that one
can fight against them. (Choms&yFoucault 2006, p. 41also on YouTube



Bauman and Foucault thus both recommend skepticism towards social
institutions where mathematics and education esskarch are examples. In
theory, institutions are socially created as rational means to a common goal, but as
Bauman points out, a goal displacement easily makes the institution have itself as
an inside goal instead, thus marginalizing or forgettingritgral outside goal.

To avoid this, differenceesearch is based upon the Greek sophists, saying
OKnow nature form choice to unmask choi
saying 6ln sentences, trust the subject
OExi stence precedes essenceb6pi aaldd Fmiux iam
power techniques of a prison and a hospital by keeping children and adolescents
locked up daily to be cured without being properly diagnosed. For it is differences
that tnmask false nature, and unmask prejudice in predicates, and uncover
alternative essence, and cure an institution from a goal displacement.

Furthermore, differeneeesearch knows the difference between what can be
different and what cannot. From a Heideggew an issentence contains two
things: a subject that exists and cannot be different, and a predicate that can and
t hat may be gossip masked as essence, P
2006) if institutionalized. So, to discover its true matuwe need to meet the
subject, the total, outside its predicateson of traditional mathematics. We need
to allow Many to open itself for us, so that, as curriculum architects, sociological
imagination may allow us to construct a core mathematicscalum based upon
exemplary situations of Many in a STEM context, seen as having a positive effect
on learners with a nestandard background (Han et al, 2014), aiming at providing
a background as ptteachers or prengineers for young male migrants wagtto
help develop or rebuild their original countries.

So, to restore its authenticity, we now return to the original Greek meaning of
mathematics as knowledge about Many by itself and in time and space; and use
Grounded Theory (Glaser & Strauss, 1967jtinly Piagetian knowledge
acquisition (Piaget, 1969) from a personal to a social level, to allow Many create
its own categories and properties.

Meeting Many, Chmiulmbreers uoe CBlumak and
How to deal with Many can be learned from presclwobli | dr en. Asked 6
next time?6, a 3year old will say OFour ¢
to 4 fingers held together 2 by 2, 0Tha
blockn umber s when tal king abodt Wegao bsekek
OHow many 3s when united?06 they typicall
OHow many 4s?06 they say 0B8oedchothegthey 20 ;
say 02 7s and 3 extrad.

You donot need resear ch igitabcountimgleyr ve ho
bundling, replacing a bundle of 2 1s with 1 Lego Brick with 2 knobs to be placed



in a cup for the bundles; and they doné
with 4 knobs to be placed in a cup for 4s. And they have fun recountirgkg ist
2s in various ways, as 1 2s &5, 2 2s &3,
mi nd writing a -wroittailng& ar’s ulsi=ng7 6= ulp] 5 =
1]1]1. And with 1 plastic S for 1 borrowed, some children even writes T =7 = 3]1
= 4]S = 5]SSS. Also, children love to count in 3s and 4s. Recounting in 5s is
unfortunately not possible since Lego refuses to produce bricks with 5 knobs.

Sharing 9 cakes, 4 children takes one by turn as long as possible; with 4s taken
out thelke shyofoledah 46, and with 1 | eft
they smile when seeing that sharing 4 5s by 3 is predicted by asking a calculator
4*5/3. Thus 4 preschool children typically share by taking away 4s from 9, and by
taking away 1 per 4, arby taking 1 of 4 parts. So children master sharing, taking
parts and splitting into parts before having learned about division and ceunting
and splittingfractions, which they would like to learn before being forced to add.

Children thus show core masy of Many before coming to school, allowing
school to build upon this knowledge instead of rejecting it. So, school could ask
research to design a curriculum, that counts totals irdiwensional block
numbers instead of ordimensional linenumbers; tht counts and reounts and
doublecounts totals before they are added, and then betbppand nexto; that
teaches 8/4 as 8 counted in 4s giving 2 4s instead of as 8 split between 4 giving 4
2s; and that root countirfgactions and splittingractionsin pernumbers and re
counting. Differenceesearch gladly takes on such a curriculum design.

Meeti ng Many Creates a Count &Mul tipl'y
Meeting Many, we ask O6How many in Total?
adding to create a numblmnguage sentence, T = 2 3s, containing a subject, a verb
and a predicate as in a wdahguage sentence.

Rearranging many 1s in 1 icon with as many strokes as it represents, icons can
be used as units when counting: four strokes in tbe five in the Scon, etc.

| ! ! I_I | 1
1 2 3 4 5 6 7 8 9

We count in bundles to be stacked as binaknbers to be reounted and
doublecounted and processed by-tmp and nexto addition, diret or reversed.

To count we take away bundles (thus rooting division as a broom wiping away
the bundles) to be stacked (thus rooting multiplication as a lift stacking the bundles
into a block) to be moved away to look for unbundled singles (thus rooting
subtraction as the trace left when dragging the block away). A calculator predicts
theresultbyare ount formula T = (T/B)xB saying
be taken awayo:

7/3 gives 2.some, andi72x3 gives 1, so T =7 = 2B1 3s.




Finally, bundle or cupwriting doublecounts the bundles inside the bundle
cup and the singles outside, where an overload or underload is removed or created
by re-counting in the same unit, T =7 = 2B1 3s = 2]1 3s = 1]4 3s23.

Likewise, placing the singles netd or ontop of the stack counted as 3s, roots
decimals and fractions to describe the singles: T=7=2.13s=21/3 3s

T=7= 23s&1 = 2B13s=2.13s 2Z1/3 3s

A total counted in icons can be-ceunted in tens, which roots multiplication
tables; or a total counted in tens can beaented in icons, T = 42 = ? 7s, which
roots equations to be solved byamunting, resulting in moving numbers teeth
opposite side with the opposite sign: u x 7 = 42 = (42/7)x7 gives u = 42/7.

Doublecounting in physical units creates parmbers bridging the units, thus
rooting proportionality. Penumbers become fractions if the units are the same.
Since pemumbersand fractions are not numbers but operators needing a number
to become a number, they add by their areas, thus rooting integral calculus.

Once counted, totals can be addediamafter being reounted in the same
unit, thus rooting proportionality; or Reto as areas, thus rooting integral calculus.
Then both oftop and nexto addition can be reversed, thus rooting equations and
differential calculus.

In a rectangle split by a diagonal, mutuakoeinting of the sides creates the
pernumbers sine, case and tangent. Traveling in a coordinate system, distances
add directly when parallel, and by their squares when perpendiculanuréng
the ychange in the xchange creates change formulas, algebraically predicting
geometrical intersection points, /u obser vi ng the O6geometry
together, never aparto principle.

Predictable change roots pralculus (if constant) and calculus (if variable).
Unpredictable changei cobdt sumbat ssbiycsa
deviation to be usebly probability to predict a confidence interval for numbers
we else cannot préict.

Meeting Many in a STEM Context
Having met Many by itself, now we meet Many in time and space in the present
culture based upon STEM, described by OECD as follows:

In developed economies, investment in STEM disciplines (science, technology,
engineering and mathematics) is increasingly seen as a means to boost
innovation and economic growth. The importance of education in STEM
disciplines is recognised in both the US annldpe. (OECD, 2015b)

STEM thus combines knowledge about how humans interact with nature to
survive and prosper: Mat hematics provi d:



and chemical behavior, and this knowledge, logos, allows humans to invent
procedurestechne, and to engineer artificial hands and muscles and brains, i.e.
tools, motors and computers, that combined to robots help transforming nature into
human necessities.

A falling bal/l Il ntroduces natureos
motion, similar to the three social actors, humans and will and obedience. As to
matter, we observe three balls: the earth, the ball, and molecules in the air. Matter
houses two forces, an electmagnetic force keeping matter together when
colliding, and gravitypumping motion in and out of matter when it moves in the
same or in the opposite direction of the force. In the end, the ball is lying still on
the ground since motion transfers through collisions, now present as increased
motion in molecules; so the matidias lost its order and can no longer work.

Science is about nature itself. How three different Big Bangs, transforming
motion into matter and anthatter and vice versa, fill the universe with motion
and matter interacting with forces making it combioestars and planets and
galaxies. Some planets have a size and a distance from its star that allows water to
exist in its three forms, solid and gas and liquid, bringing nutrition to green and
grey cells, forming communities as plants and animals: retitd mammals and
humans. Animals have a closed interior water cycle carrying nutrition to the cells
and waste from the cells and kept circulating by the heart. Plants have an open
exterior water cycle carrying nutrition to the cells and kept circulatyntipé® sun
forcing water to evaporate through leaves.

Technology is knowledge about ways to satisfy human needs. First by
gathering and hunting, then by using knowledge about matter to create tools as
artificial hands making agriculture possible. Later using knowledge about
motion to create motors as artificial muscles, combining with tools to machines
making industry possible. And finally using knowledge about information to create
computers as artificial brains combining with machines to artificial dngn
robots, taking over routine jobs making higtvel welfare societies possible.

Engineering is about constructing technology and power plants allowing
electrons to supply machines and robots with their basic need for motion and
information; and aboutdw to build houses, roads, transportation means, etc.

Mathematics is our numbdanguage for predicting Many by calculation
sentences, formulas, expressing counting and adding processes. First Many is
doublecounted in bundles and singles to create a Totaht might be reounted
in the same or in a new unit or into or from tens; or deablented in two physical
units to create pemumbers and fractions. Once counted, totals can be added on
top if recounted in the same unit, or néxby their areas atled integration, which
is also how penumbers and fractions add. Reversed addition is called solving
equations. When totals vary, the change can be unpredictable or predictable with
a change that might be constant or not. Finally, triangulation pregiatsl forms.

t
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So, a core STEM curriculum could be about cycling water. Heating pumps in
motion transforming water from solid to liquid to gas, i.e. from ice to water to
steam; and cooling pumps motion out. Heating an imaginary box of steam makes
some madcules leave, so the lighter box is pushed up by gravity until becoming
heavy water by cooling, now pulled down by gravity as rain in mountains and
through rivers to the sea. On its way down, a dam can transform moving water to
moving electrons, electrigit To get to the dam, we build roads on hillsides.

The El ectrical circuit, an Exampl e
To work properly, a 2000Watt water kettle needs 2000Joule per second. The socket
delivers 220Volts, a petumber doubleounting Joules per chargait.

Recounting 2000n 220 gives (2000/220)*220 = 9.1*220, so we need 9.1
chargeunits per second, which is called the electrical current counted in Ampere.

To create this current, the kettle has a resistance R according to a circuit law
Volt = Resistance*Ampere, i.e., 220 *R1, or Resistance = 24.2Volt/Ampere
called Ohm. Since Watt = Joule per second = (Joule per ebaigé(chargeunit
per second) we also have a second formula Watt = Volt*Ampere.

Thus, with a 60Watt and a 120Watt bulb, the latter needs twice the current
and consequently half the resistance of the former.

Supplied nexto each other from the same source, the combined resistance R
must be decreased as shown by reciprocal addition, 1/R = 1/R1 + 1/R2. But
supplied after each other, the resistances addtigirét = R1 + R2. Since the
current is the same, the Watinsumption is proportional to the Valelivery,
again proportional to the resistance. So surprisingly, the 120Watt bulb only
receives half of the Joules of the 60Watt bulb.

Di f feresneaefeh i Digf from Critical and
Together with differenceesearch, also critical thinking and postmodernism show
skepticism towards knowledge claims, so how does differezsmarch differ?

As to critical thinking, Skovsmose & Borba (2000) cidses a Brazilian
research group that, focusing on issues related to new technologies and
mathematics education, has developed software and work with students at different
levels and with teachers. The group was approached by a teacher from a nearby
schod where she had some tough problems to face and hoped that the computers
would be able to help her. She was teaching rational numbers to a class of 5th
graders, with a mixture of 1lyear old students and 15year old repeaters having
given up rational numbeend turning to violence.

The teacher was enthusiastic about a softwadeich deals with rational
numbers.(.)Bt h researchers and teacher had
might have a positive effect in this class and maybe could avoid thahtents

had to repeat this grade again. 7)
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By recommending computers, the researchers showed criticism, not towards
fractions as such, but towards how they are taught. Critical thinking thus sees
mathematics as an unquestionable goal, only how itghtacan be questioned.

Contrary to this, differenceesearch sees fractions as a means rooted in
doublecounting, and recommendsactions introduced as paumbers via the
Of ramgdn adox 0 : 1 red of 2apples and 2red
not 7red of 6apples as says the textbook. Fractions thus add by their areas as
integral calculus. Adding fractions of the samealtocan be treated later.
Introducing fractions via pemumbers and separating cerathematics from
0f ooomabhemati csdé will side the teacher v

As to postmodern thinking, the book ¢
Post moderndéd (Wal shaw, 2004) contains 12
thinking otherwise for mathematics education, postmodernism within classroom
practices, and within the structures of mathematics education. The preface says:

It is a groundbreaking olume in which each of the chapters develops for
mathematics education the importance of insights from mainly French
intellectuals of the post: Foucault, Lacan, Lyotard, Deluze. (p. vii)

Although the book wants to be skeptical towards both mathematicgsand
education, it is only the educational part that is scrutinized; and most authors
describes how what is labeled postmodern thinking can be exemplified in
educational contexts, they dondét see mat
could be quesoned also. A central thinker as Derrida is mentioned only in the two
survey chapters, and the core concept of deconstruction is not mentioned at all
despite its fundamental importance to a postmodern perspective to mathematics
education.

By going behindFrench thinking to its root in Heidegger existentialism,
differenceresearch is the only skeptical thinking raising the basic sociological
question about a possible goal displacement in mathematics itself.

Conclusion and Recommendati on

Thetaskofthecurrc ul um archi tect competition was

50 years of mathematics education research, and derive from this theory a STEM

based core mathematics curriculum for yc
One explanation sees the situation caused by mathenitattf as very hard

to teach and learn. This paper, however, sees it caused by a goal displacement

seeing mathematics as the goal instead of as an inside means to the outside goal,

mastery of Many. The two views lead to different kinds of mathematisst a

basedtopl o wn -méi @ s 60 t detetencdiyindeed lsard$oeelach and

learn; and a bottornp Manyb a s e d -nbaMaincys 6 si mply sayi ngc

Many, count to produce bloakumbers and perumbers that might be constant or

variable, to baunited by adding or multiplying or powering or integrating.



Thus, this simplicity of mathematics as expressed in a Count&Multiply&Add
curriculum allows learners to keep their own blaakmbers, and to acquire core
mathematics as proportionality, calculesjuations and perumbers in early
childhood. Imbedded in STEMxamples, young male migrants learn core STEM
subjects at the same time, thus allowing them to becom&gachers or pre
engineers after two years to return help develop or rebuild their owrirg. The
full curriculum can be found in a A¥age paper.
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