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1. AMSTEL Institute

The mission:

Improve education in the MST-subjects in general for
all levels of education

take care of the relation between secondary and
higher education concerning content

explore the possibilities of ICT and New Media in
MST education and take care of the implementation
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Secondary Education

Technology Development

tools for measurement, processing of
data, analysis, and modeling organized
In an open learning environment

Software environment: COACH
Hardware: interfaces, sensors,etc.
Literature, manuals

Research data from field studies
In-service training

An example:

Image measurements without or with
perspective correction
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2. GALOIS

geintegreerde algebraische leeromgeving in school

[integrated algebraic learning environment in school]

developing a framework at secondary school for pupils who do

mathematics to:

- assess their own progress

- have access to a large amount of exercise material
(CAS-based tests, applets, ....)

- get intelligent feedback on their work

- store their activities and answers (+ the route to the answers)
In the VLE

Major constraint: open source software and open standards
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3. Design of Applets for Learning Math

What is an applet?

A small computer program that runs over the internet.
- On a server

- only one version (the latest version)

What is a WisWeb applet from the Freudenthal Institut  e?
An applet
- embedded in a didactical concept
- that iIs dynamic, interactive, and with friendly interface
- with not just a users’ guide, but also with background
iInformation, and (written) instructional materials
- for different uses (closed/open) in school practice:
applying knowledge,
concept construction,
supportive tool,
practice basic skills,
assessment,...
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The Development Process
(developmental research)

A cyclic process (since 2000) of:
brainstorm
programming
development of additional materials
try-out
revision of the applet
try-out

Two kinds of try-out
Do the applet and materials “work” (technical)?
Do they work in “real” situations (e.g., in the classroom)?
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RME Characteristics

using contexts
experientially real to students, as a starting point and application

guided reinvention
by teacher and instructional materials

mathematising
horizontal and vertical, progressive formalization

emergent modeling
from “model of” to “model for”, different levels of abstraction/formalization

use of own productions and own constructions

Interaction
math as human activity: working together, discussion and reflection

Integrated learning strands
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Two Examples:
Geometric Algebra 2D applet
Area applet

A Dbroad basis for
 building/exploring the formula-area relation
 variation of exercises
 structure and dynamics of the formulas

11
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Geometric Algebra 2D new Ahout

Geometric algebra 2D .00

English version at www.wisweb.n!
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Choose applets from the menu and
select Geometric algebra 2D.

When you start this one you will see |-
a screen like the one shown here.
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You get a rectangle by dragging the
arrows to the screen and put them
together as in the figure below.
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Task
Calculate 4 times x with the applet. Which expression do you get?
Make a rectangle with area 7y. What are the lengths of the sides?
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TaS k WELP - student material, december 2002

The two rectangles below have areas: 12x and 20.

12

T "

a) Build these two rectangles with the applet and try to make it only one
rectangle. What will be the length and height of the new rectangle?

b) Someone says
‘a rectangle with area 4 + 16y has the same size as one with area

2(2+8y) and also the same size as one with area 4(1+4y)’

Do you agree? Explain your answer.
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TaS k S O I Utl O n WELP - student material, december 2002
. . 1 (D)) area = 63.75
a) Build a rectangle with length [ <=35
. 5 y=2
X + 5 and height x + 4. 4 z=18
What is the expression for ||
the area? o]
b) With the option : i eeaees
‘splitand’release’you can :
make four rectangles. What |’
are the areas of these four
rectangles? Lexpression
1 24520 T area = 63.75 i\
x=35 | o =
y= 2.5
c) Complete i 2215

=

(x+4)(x+5) = ..... +ot
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Area Algebra
(or every task, find the right \

expression that fits the dots. For
square type * 2

Click OK after finishing the task

éssible activities

Make the partial expressions
(simplify)

Make the rectangular expression
(factor)

Challenging problems

Expressions with negative numbers

prressions for other areas (emptyy

Start the applet Area Algebra.

You will get the following picture:

Area Algebra

Practice your algehraic skills:

\ Find the missing numbers or formulas for
each rectangle. Click on the dots and fil

in, Use the check-button to check your
answers and improve them if necessary,

Activities:

" Murnbers for areas

& Find the pieces farmula

O Find the rectangle formula
" Different problems

C Formulas with subtractions

15
About
VvIl0" 8|
=
2 3y
& X
# Rectangle formula: 3(y+2)
X Pieces formula: 3y + 32
Check Again
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X

4. Exercise Applets
Digital Math Environment

1st example: Quadratic Equations applet

editing tools operations making steps
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2nd example: Quadratic Equations Test In
the Digital Math Environment

“:) http:/ /www.fi.uu.nl - Digitale Wiskunde Oefenomgeving - Mozilla Firefox - | Ellﬂ
Digital Math Envirenment

- Modules > Quadratic equations »> ‘ ‘fou're logged in as.
' DME

Guest
fi

2. Quadratic equations Test

Solve the equations Vil 0?8 @ W
step by step. ) =]
x -2x = 8§
Use the red button with ,ﬁ?} T
the arrowvy downwards ta with:
fill in the next step. xz _2x+1 =9
g equal
If wou have finished the ) with:
aroblems of ane level, (x ) 1)2 — 32
push the Check Buttan. g) equal
You can check more than with-
once, but then you get x-1=2 or -1= -2
less points. equal
g) wiith:
,5? x=4 or x = -2
o level 1 Score: 15
© level 2 Scare: 0 [
C level 3 Score: D
& level 4 Score: 10
© level 5 Scare: D ! Q0ePLO® [ Checkd| _Again |
C level 5 Score: D 10

Score: 1 checks

Applet APT started 4
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The Digital Math Environment is a web-based application in which
a student

works with an applet on a central server
automatically receives (intelligent) feedback
stores works

and in which a teacher can F;DSVO Sr— [:
monitor progress of T
individual students _ﬁ B = =t - e
.
the entire class ==
get insight into the o =
learning processes of _—
the students and act s
accordingly =
: o
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5. SCORM-compliant Applet Generator

Disadvantages of the Digital Math Environment:
Missing communication facilities like email, bulletin board,;

Yet another environment to learn in addition to VLE with which
students and teachers are familiar:;

Administration outside own school.

Requirements for integration of applets and existing VLES
Applets and VLE must be able to communicate;
Sharing of content in various VLEs should be possible;

Mechanism should be extensible for other applets or computer
programs;

Compliance with existing standards.

Chosen approach: Sharable Content Object Reference Model
(SCORM) for WisWeb applets and Javascript-based DITwis tests.
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Example: tailored feedback in a DITwis test

The bicycle tyre has a puncture. Each minute 6% of air escapes. What
percentage has escaped after 9 minutes? Round your answer to the nearest
iInteger.

reply | feedback explanation
43 Excellent correct answer
42.7 | Fine, but too accurate too accurate
42,7 | Answer cannot be interpreted; parsing error
use the decimal point
42 Close to correct answer; a round-off error? round-off error
57 No, this amount of air is left 0.94°=0.57,;
well-known mistake
69 No, confusing addition of 6% ? 1.06°=1.69;
well-known mistake
54 No, this is not the way it goes. notorious error
Use the growth factor (6 times 9)
other | Wrong answer; have again a close look at the ??7?
section on exponential decay
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X

Example: Rewriting Test in MichelangElo (Moodle at St. Michaél College)



Example: Derivates Test in Blackboard

22



Example: Authoring questions (derivatives)

23



Example: Addition of two fractions

24
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Example: Authoring questions (addition of fractions)

random parameters

™~

operations
disabled

) intermediate steps ]
question text
with a formula

ﬁcorrect answer ’

levels and
number of
guestions

\Enarking scheme
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Only programming aspect for teacher is

the use of hash signs in formula generation and
In the specification of the correct answer

example with parameter values:a=4,b=7,n=12

formula explanation sample
#Ha#t [ #n# + #b# [ #Hn# formula ‘as it is’ 4/12 + 6/12
#aln# + #b/ n# simplification, but no addition | 1/3 + 1/2
#aln + b/n# full arithmetic of fraction 5/6

the choice of marking based on
equivalence
rewriting in particular form
exact shape of correct answer
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6. Classroom Experiences

Add-on value of applets is that they

are attractive and motivating in the eyes of the students
(especially they like the game-like behavior);

stimulate students' creativity (open applets) and help them gain
more self-confidence (closed applets, exercise applets);

get "natural feedback" to students (not just right/wrong);
can become a frame of reference for students:

are flexible and simple to use; they can also be used at home,
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offer the opportunity for teachers to positively address
iIndividual differences between students;

provide a change of instructional format and are an alternative
to the "boring" textbook;

help to create a useful computer learning environment;

allow a versatile approach to algebra and calculus.



For furthing reading and playing with applets,
see

www.galoisproject.nl
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