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Teacher training

0 lower-secondary qualification:
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History of mathematics in
teacher training

3rd-year bachelor course, open book test,

developing lessons for highschool students using
history and primary source




Flipping the classroom

read book and watch documentary as homework,

worksheets on primary sources in class.
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Why focus on primary
sources?

let’s experience!
(also: example on how you can do this in class)

outline:

0 look at primary source

0 exchange findings

0 central discussion of findings

0 background info
0 how to ask questions using a source
0 conclusions on use of primary sources as a didactical tool
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0 look at the primary source (handout)
0 what do you see? what stands out?

0 write down =5 things that come to mind




What do we notice?

O I can’t read the words, but I can read the numerals!
... but they look a bit different.




What do we notice?

O I can’t read the words, but I can read the numerals!
... but they look a bit different.

0 this raises the question: where do our numerals come
from?




What do we notice?

O this is Pascal’s triangle!

... but the last column doesn’t match (or does it?)




What do we notice?

O this is Pascal’s triangle!
... but the last column doesn’t match (or does it?)

0 this raises the questions: how old is this source?
where does it come from?
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For a tassel of 10 colors 1 1
For a tassel of 8 colors 1 9 1 0
For a tassel of 8 colors 1 8 36 45
For atassel of 7 colors 7 28 |84 |120
For a tassel of 6 colors 1 6 21 |56 | 126 | 210
For a tassel of § colors 1 5 15 |35 |70 | 126 | 252
For atassel of 4 colors 1 4 10 |20 |35 |56 |84 |210
For a tassel of 3 colors 1 3 6 10 |15 |21 |28 |36 | 120
ol 2 3 4 5 6 7 8 9 45
prrasll B 1 1 1 1 1 1 1 1 1 10
color

using using using using using using using using using using Total

color color color color color color color color color color no. of
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Ibn Mun’im (£1200)

Ahmad al-Ab’dari ibn Mun’im
0 came from Spain
0 probably lived at the Almohade court in Marrakech

0 specialist in geometry and number theory, also medical
doctor

0 worked on old question (8™ century): how many possible
words can be formed out of the letters of the Arabic
alphabet?

0 but this source, which he presented first:
question about tassels (as we will see)




Pascal’s triangle
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Pascal's triangle

0 not first one, but Pascal proved several identities and
used induction-like principle

older Pascal’s triangles:

0 algebraic in China,

O combinatorial numbers in India,
0 Islamic sources,

0 and also in Western European sources.




Pascal’s triangle in China

R %
0 earliest representation: g‘é
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Pascal’s triangle in China

0 later: extended to solving equations numerically

0 equations like:
-x*+763.200 x> - 40.642.560.000 =0

0 method known around 13t century

0 method rediscovered: Honner-Ruffini method (1819)

0 more info: Joseph, The crest of the peacock




Pascal’s triangle in China
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Zhu Shijie
Precious mirror
of the four
elements (1303)

also interesting
sources to use in
class!

(Chinese number
system)




Pascal’s triangle in Islamic
math

0 before Ibn Mun’'im: already known at centre of Islamic
Empire,
... but only in algebraic setting

0 to 12" row: Nasir al-Din al-Tusi (1265)




And Western Europe

0 example: Simon Jacob’s ’.{,
Rechenbuch (1565)
0 also used for calculating
roots \
:’
0 others: Stifel (1545), “'
Tartaglia (1556) nt f .\4




Intermezzo: notation

Stampioen (1639), but notation is older (and not
Arabic...)
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Intermezzo: notation

0 Chuquet (1484) 1°.m.5%.p.7'. montent R*.1'.p.6".
0 Pacioli (1494): cu.m.5.ce.p.7.co.——R v.co.p.6.
0 Stifel (1544): & —53% +7 R aequ.,/. X +6.

0 Descartes (1637): x3 --5xx+7x 0+vx+6.

x3 —5x2+7x =+/x+6.




Intermezzo: notation

English, 17t century

2 +Cz=N: vgu:Cq +N: g:
C+vqu

Cz~p=N {C vqu;@ T
2-Cz=N: Vqu: (g +N: +L=%




Take another look

For a tassel of 10 colors 1 1
fora st ctos 1 |9 |10
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The last column

O on the one hand:

it seems like the numbers should be moved up one
position...

O ... but on the other hand:

the numbers in the last column are the sums of the
numbers in each row!

[or a tassel of 4 colors 1 4 10 20 35 56 84 210

1+4 +10+20+35+56+84=210




Explaining the pattern

how many different tassels can be made consisting of 4
colours of silk, when we have 10 colours to choose
from?




Explaining the pattern

how many different tassels can be made consisting of 4
colours of silk, when we have 10 colours to choose from?

[For a tassel of 4 colors 1 4 10 20 35 56 84 210

apparently: add the numbers of different tassels consisting of
3 colours that can be made choosing from 3,4, 5,6,7,8 or 9
colours:

(4)-C)-CCCHGIGHG

but why?



Explaining the pattern
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The hockey stick lemma, or:

Christmas stocking theorem




Asking questions
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Precious mirror of the four
elements (1303)

think of as many
questions/assignments
using this source as
possible!

write them down and
compare/discuss with
neighbours




Asking questions

Examples:

0 what do you see?

0 which country do you think this source is from?

0 do you see a pattern? (or maybe several?)

0 (or: have you seen this triangle before? what can you use it for?)
0 how does the number system that is used here work?

0 itis a positional number system? how do you know? what is its
base?

0 what would the number ... look like in this number system?

0 in what ways is it similar to/different from our number system?
0 etc etc.




How to use primary sources
as a didactical tool

0 important: you don’t necessarily have to use all the
things you could get out of a source

0 questions can be asked on many different levels!

0 looking at notations / words / pictures alone can be
interesting already

0 you can focus on mathematical content, or on
cultural / historical questions, or both

0 do ask the “easy” questions!

0 let students ask questions themselves




Why use primary sources as a
didactical tool

my experience: enriches cognitive
“schemata” (Skemp)

example:

0 solving quadratic equations in
“Babylonian” way links algebra
with geometry (“completing the
square” becomes meaningful)

0 discussion on negative numbers:

why so many cases?

'TBEwijs.

Om defen handel tebewyfen, {00 laet daer toe bereyde zijn het
vier-cant A B C D. dat gefneden is met de linien E Q. ende G H.
even-wydigh teghen tezyden. Ditfoo zijnde , foo nemen wy dat

dezydedesvier-cants A E

A EXE P F Gals AE ofte EF doet

R 1 (1),foo doct fijn inhoudt

S E 1 (). dacrby ghedaen cen

< ES N\ [ recht-hoeck,diens inhoudt

c NIFC e N is 47D, die wy ftellen te

— ‘%'W O ziin EBHF, daer vanEB

 f lli doct 4. (het © ghetall )

5 fooisEBH F 4 ®.Comt

D a € dan voor den gantfchen

recht-hoeck ABH G

1(3) +4 ©. die ghelyck ghefeydt wordt 60. Néemt nu de helft

van E B ,comt EK ofte K B 2. diens vier-cant is 4. voor FLM N,

‘t{clfde ghedaen tot den winckel-haeck KLFNTA dienoch ge-

lyckis’trechthoeck AB H G (om oorfaecke dat K H,daer af ohe-

nomen is,ende gevoeght aen G F, wordende alfoo F 1. ) comt het

vier-cant AKMI 64. diens vier-cant-wortel is 8 voor A K. daer
van ghetrocken EK 2. reft AE 6. de waerde des 1 Q).




Why use primary sources as a
didactical tool

my experience: enriches
cognitive “schemata” (Skemp)

Laet zijn 1 (2) + 4 () ghelyck 6o.
example:

0 notations for equations show
development of concept of

variable 2 4 Cp=N: Vau: Gy +N: -C =%
0 and distinction between the o= {g"‘:"f; WE =z

unknown/parameter, etc. 2-Cp=N: Vqu: Cq+N +C %




Why use primary sources as a
didactical tool

may give different view on the topic,

can be starting point for learning by “guided
reinvention”

0 content of the source can be part of the “guidance”

0 example: we discovered mathematical theorem by
looking at Ibn Mu’nim'’s triangle




Why use primary sources as a
didactical tool

0 smaller in scope than project on history of math,
0 but can be deep in content

0 if well-chosen suitable for (small) part of lesson with
specific mathematical learning goal

0 feasible to use worksheet on source alongside
textbook




Why use primary sources as a
didactical tool

using history in math class shows that mathematics is
invented by humans,

0 who asked practical questions,

0 who struggled with new concepts,
0 who made mistakes. Mistakes are

PROOF

that you are

TRYING




Questions, ideas, contact

Jeanine Daems

jeanine.daems@hu.nl

twitter:

@jeanine_d

@dvandenbogaart
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