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Central question in the DME-project
(and former projects on digital
education):

How can digital resources improve
mathematics education?
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How can digital resources improve mathematics education?

A Design-Research approach
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Technology Math education
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New possibilities Existing practice
Learning objectives

Video / audio

Animations

Feedback features

Game features / scores

Dynamic interactions How to use?
Constructions possibilities

“Virtual reality”
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New possibilities Existing practice
Learning objectives

Educational Software design

*to S€IrVe existing practice
*to inspire with new ideas
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Technology Math education

l l

New possibilities Existing practice
Learning objectives

Educational Software design

* t0o serve existing practice
* to inspire with new ideas

Aiming on add-on value
compared with other resources




Important Choices for Math Education in the
Netherlands (Freudenthal, 1970's):

Mathematics is a Human Activity and should not be
presented to learners as a finished, formal construct.

Math Education should go the way of (guided) re-
invention and re-construction

Own productions (strategies) of students are important
indicators for teaching and do stimulate a problem
solving (and posing) attitude
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Iceberg Metaphor

formal notation

p{ efotr ma(Ii, Floating
structure capacity
informal,
experiential
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Equations

3x+1=x+5




Quadratics

h=2 n=3

=?z(n+1)=n2+n




Functions

n=1 n=2 n=3

2
Aantal =n +an



Derivative
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Separate concepts, or....
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- a connected body of knowledge.

Ix+1=x+5
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Connections
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We started with (small)
applets

Technical viewpoint:

Internet-based Java programs,

Java is an advanced programming language
User viewpoint

Accessible software

No installation needed
Educational designer viewpoint:

Flexible ICT units for educational materials,
can be combined with other e-content

Can relatively easy be adapted in the design
process



Applets

Applet-worksheets

Applet sequences

Lessons

Digital modules

Digital curricula?
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Embedded technological tools for mathematics: the
Digital Mathematics Environment

) DW0 Math Enviroment - Mozilla Firefox - 31 x|
I Fi |http:,l’,l’www.Fi.uu.nI,l’dwo,l’en,l’Frameset.html 1":"‘?
%3 => Exponential growth and decay @ You are not logged in
I$ ; E 2. Bacteria Lo
The duplication of E.coliis a discrete process: after every two
hours, the numberis doubled. Therefore the graph of this growth l
process is a set ofisolated points. P“"—“"—"‘*
Butwhat happens during these two hours? l call
The following information gives some insight in the process (see 9
picture):
(T tegianingofcet ivision
Anindividual cell is growing involume during these two hours. At l
the moment it splits into two new cells, the volume ofthose two
cellis equal to the volums ecell -——~—-Olﬁpo|eu||l
the total volume of E.coli ¢ / Y £ gEwzDydci
process. Andwe assume =
also exponential. It mean m ()~ Newpokes — I |http:J'."WWW-Youtube-comﬁ’VingzDvdciWc
volume is multiplied with l
300
The graph anfthis cont 280 ::
starting value 128 and gr( 260
hours), is shown forthe it 240 —
) =5 (DC D e |
220 [£<32] cell for at
200 leasttwo ¥
divisions
120
160 i
140 clip at YouTuhbe
—~ —~ 120
Froblem: (1_:;:@ 'fg_\,i' ( 100
Score: 20
&0 —
Done 40
20
u} 0 -
[os1] | —) o7 /015 | o] | (29
08 04 0 a4 08 12 186
U . . . U h trace 4 | ‘Waiting for video-stats, video.google.com... 2011
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Embedded technological tools for mathematics: the
Digital Mathematics Environment

) Dwo Math Enviroment - Mozilla Firefox =] ]

I Fi |http:,l',l’www.ﬂ.uu.nl,fdwo,fen,fframeset.html ﬁ:i"_?

B == Alg.13 Derivatives Theorie @ You are hot logoged in

@ ?E:. 1. Introduction on differentiation

1.5 Calculating the slope in a point

Given the function #(x) = %xg —r+ 2
We calculate the slope ofthe graph in the point A( 3, 1%) ftx) = 0.25
) ) &y
Firstwe find an expressions for ——
i% 4
(instead of Axwe use M) +Ax)
Ay A3+ W -A5
Ax h
ay (3R -@em+2) - (337442
ax B 3
|
Problem 5 l1T
a. symplify this expression . (Click on [ ) and show
ﬂ.? 1 1 A Ax)- [_1 i ] — [_1 i ]
thatE=4_h+5 Eyzﬂwﬂxm ﬁ: JBth) —Gtnte L3 Tite
) Ax h
b. Gradient, = P]:IPD i_h " %: [T Toon waarder L ) L
A (36 +enei=—Grm+2) - (3 -3+2)
Problerm: |:;j:| (Ej] {S:] (ij] . {E:] (E\,] (aj] {7:] |_\/17[]\,] Ax ki
Score: kD totaal: 20 A [—1}32+ —6}3—}3]
Y L4 )
Done Ax R
A
Dy ey
Ax 4 4
. o s Ay
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Embedded technological tools for mathematics: the
Digital Mathematics Environment

) Dwo Math Enviroment - Mozilla Firefox

=100

I Fi |http:,l',l’www.ﬂ.uu.nl,fdwo,fen,fframeset.html

ok

4 »> Making nets@

w }‘%‘ 6. Problem 6

You are not logoed in

o

Above you can see a net with triangles and
polygons with ten sides

Make an object that has this net. First choose
a suitable object from the menu to start with.

[==]
==

Applet Objects  Options

2| & B e e S

X B Doorzien DWE -3l x|

Click with the mouse to select the part of the object which should become the new object, or use the Paste-button

Done
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) Dwo Math Enviroment - Mozilla Firefox

Embedded technological tools for mathematics: the
Digital Mathematics Environment

I Fi |http:,l',l’www.ﬂ.uu.nl,fdwo,fen,fframeset.html

P =5

Problem 1

Find an ordered pair (x, ) that
makes both equations true.

_I_*_l_

dr+5p =120

x—y=3

3k

enlarge: [ ]

3t == Alg.12 Systems of equations @

4. Solving systems: Substitution

An example using substitution.

To solve this problem, it can be
helpfull (but not necessary ) to think
of x and p as weights and the
equations (1) and (2) as
balanced situations.

a.

Equation (2 is equivalent, but nat
quite similar with the second
halance. Give the the eguation that
is similar:

So, not all equations can be
translated into real balance
situation. For example it's not
possible to handle negative
weights. Therefore we have to rely
maore and more on our knowledge
of the basic moves and properties
of equations.

Bropup

Problem: (-D (E\] (5\] (i\] (g\]

Score:

Done

Universiteit Utrecht
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Equation Iizé:ilwe already transformed in:
r=3+p

Mext you can substitute 3 + p forevery x

equation (1)

2x+ 5 =120
AF3+pr+op=20

You now have an equation with only one vari

b.
Solve using the basic moves: [ y= |:

c.
Tofind x, swbstitte thevalue of p inor
equations: [].

VO 0° 0° 5 (I me=

203 +3) + Sy =20

6+ 2p+5=20 D

Ty=14 )

y=2
The equation is solved x
carrectly.

d.

Give both solutions: x = |

x|

June 8, 2011




Teachers’ access to student work and results

=101 x|

0 Math Enviroment - Windows Internet Explorer

Fi hikkpe { e Fiouw, nlfdwiofbyesdiframeset, hitml

Digital Math Environment Freudenthal Institute

Centaurus High School

@ Boulder Valley Schoal District

. -

Class managenmi...

Module manage...

Results

matthew hentley
mabwar Mansurabadi
courtney rose hackett
Ally Kell

Jordan Chanel Jackson
michael minto

isadora seo

kassandra s oscarson
Iyndie leigh puckett

Jordan chanel Jackson
Tanner Pierce Martinelli
john thamas gregory

A00% G 23w 42 % (n 4 min) ASEGREARI

425 (12 vy R

This systern is slightly different. The
signs of 4p differ, so we need
another approach to eliminate 4y

Here, we can eliminate the 4p by
adding the two equations.

Adding equations \':_ij'land \él

Fred Peck

1001% (in 14 i 33 % cin 25 min) [N Y

Results of class: Justin Phu (0% (in22min) | 0% (n 5 sec) |
e Tristan Jake Jordan
) Per!od oz fiyuan he Results of Activity Guided elimination practice of hui yuan he
: Eer!og g; cooper john yaung
- Petin
- Period 07 juan castillo Problem 3 Elimination by adding equations Substitute the solution of x and find p . (Use the

statement checker for checking the intermediate steps)

=2

david welasco —— —— gives e I o
Ally Kell _*_ Yt dy =32
e =

erik jair garcia = +(3x*4ﬁ=13) Vi g @ mee [ og ]|
Carlos Castanon (1) e+ dp=11 sx =35
tanner ashton nance (2) Ix—4p=13 _
john thomas aregory _ ’ solidng 5 =135 dives =
michael douglas minto

. <= =8

[4]

Done
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Authoring and educational design possibilities in the
Digital Mathematics Environment

Edit-Mode of Activity Solving systems: Substitution 5[
| Preview Activity | | Save | | Reset | | Cancel |
Teuxt: [ Title: Mew editar version [ECole
[ FH& EH O & & O
-Problem 1 An example using substitution. Ec}ﬁéii—éh 1.24 Wé-G-l-lI-';B-é-t-ﬁ;-tl-':’:l-ﬁ-;f-o-l-'ﬁa-éa-i-ﬁ-i ----------------------
"Fi'r{ii'a"r%'é]-'d]é[-é'&";i';_Ji'r'"(;:}')"t'ﬁ;t' """ To solve this problem, it can be ity
makes both eguations true. helpfull (but not necessary ) to think

of x and p_asweights and the
equations [ ._
halanced situations.

Mextyou ca 3+ p forevery xinthe first

Equation ['2]is equivalent, but not
quite similar with the second
balance. Give the the equation that
is similar:
b

eé - | S"o-l\te using the basic mo\res:@ y= I:I
L

Wou now have an equation with only one variable.

So, not all equations can be
translated into real balance
enlarge: @l situation. For example it's not

possible to handle negative
G weights. Therefore we have to rely
I more and more on our knowledge

ofthe basic moves and properties
enlarge;@ of equations.
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How can digital resources improve mathematics education?

A Design-Research approach
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Funds for running the project

Textbook

Funded publishers
projects

Funded Subscriptions
projects schools
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Technology Math education

l l

New possibilities Existing practice
Learning objectives

Video / audio
Animations
-~ Feedback features
-~ Game features | scores
-~ Dynamic interactions How to use?
— Construction possibilities

“Virtual reality”




Applets sequences Modules
worksheets Lessons
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Authoring tools
CMS



istic Mathematics Education (RME)

Students can build up their own math. knowledge,
starting with meaningfull problems

instead of

Learning algoritmes and rules without
connections with students present knowledge

€ Universiteit Utrecht



Interaction

Ed. materials (educ. software)

ge, © didactics
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Knowledge

Research
research v(x

Design of tools and activities

Impact on
Educational

2P practice
research @
Research
Knowledge >
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Knowledge |

Research

research v(x
research @

Research

Products

Knowledge N
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SUMMARY

This presentation is about designin% internet-based software
for mathematics education, especially the use of the
internet as a mature and versatile environment for learning
mathematics.

We will start by looking at features and principles that
make digital learning activities stand out in comparison
with paper materials. We will consider not just feedback
issues, but will also focus on design principles for
activities that offer students help in discovering and
visualizing mathematical concepts. In addition we will focus
on requirements and design issues that make a digital
environment a true working environment for studying and
teaching longer learning trajectories or even curricula.

Universiteit Utrecht



lew possibilities

Visualisations / audio
Animations
Directe feedback

Game features / scores
All kind of interactions
Constructions possibilities

“Virtual reality”



file:///var/tmp/kdecache-hansc/krun/ruiten.exe
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