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1. Principles

Motivations to build/to use such tools :

- Pragmatic motivations
o To explore new tools and new potentialities

o To train students to use tools they will have to use
in their professional life

o To link University and technology advancement
- Didactic or pedagogic motivations

o To use these tools to support theoretical (specific)
goals



Six goals

» To rely on picture and more generally on
semiotic representations of concepts.

r

» To favour Constructivist learning approach.

r

 To promote non standard exercises

r

* To develop students’ autonomy and self

regulated learning.

To allow individualization in the teaching

process.

» To support weak students or students not
present in the University.




2. Example of realisations




UoL (University on line)

A set of learning objects containing multimedia
resources

- Developed since 1998

» Through a partnership between 13 French
universities

- 4 topics (Mathematics, physics, chemistry and
biology)
- Content of the two first years of University

 Structured in sections: to simulate, to observe, to
learn, to train and to assess.
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Introduction

Intégrale de Riemann

+ Définition:
sSubdivisions dun intervalie
«Sommes de Darboux
+Fonction intégrable au sens de

Riemann

» Exemples de fonctions intéarables
sFonctions monotones
«Fonctions continues
JAutres exemples

w Proprigtés de lint2grale de Riemann
L3 relation de Chasles
JLingarité de lintsgrale

«Le théoréme de Iz moyenne

sLes inégalités

sConséquences
» Primitive et int2grale définie
v Primitives usuelles
Calcul dintéqgrales: méthodes
générales
Calcul pratique d'intégrales
Approximations numeériques
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Pour voir la vidéo (2.8 Mo)cliquez sur le lien ou sur l'image




Wims http://wims.auto.u-psud.fr/wims/

- A library of on-line interactive mathematics
resources which includes exercises for all levels:
from primary to tertiary education.

- A collaborative project available in six languages.

- Teachers open a class and build exercises sheet by
choosing exercises in the library or programming
new ones.

- Exercises are with random parameters so student
may search the same exercise several times.
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WWW Interactive Multipurpose Server

V (WIMS) at wims.auto.u-psud fr

| Search | among WIMS activities ~ browse

All the exercises
On this site, you may find

Lessons and references on various topics.

Online calculators and plotters : numbers, functions, matrices, curves, surfaces, etc.
Interactive exercises of various styles and levels.

Mathematical recreations : puzzles and games.

Virtual classes and portals to manage scored student works.

Misc. interactive documents.

You may also browse the site.




Dynamic pictures

» quadratic form

é http://www.uel.education.fr/consuIta...@M
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Dynamic picture

o ellipse
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Déplacer F pour agrandir la ficelle
. ficelle C
F 3,60 cm 481 cm © F
Un crayon C, guidé par
une ficelle fixée en deux
points F et F', dessine un 3,60 cm 84 cm
ellipse
S Déplacer F

Cette méthode respecte F' F
la propriété MF+MF' =
constante

G.T.
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Utilisation des applets A




Solution of differential

- Interactive picture

*This shows the existence
Choisissez I'équation:  |y=x*x+x+1 | Proprietes |TyMyPy Ofa unique solution
through every point,

It provides a skeletal
cognitive schema for the
solution process before it
needs to be filled out with
the specific methods of
constructing solutions.

| SN, S SN S S " " A " — — — -

gauche| droite| haut| bas| symetriele| symetrie/Oy | symetrie/O

Cadragex:[-4.0,40] y:[-40,40] Equation: y =x*x+x+1



Slmulatlon Buffon's needle

ifor'sNeedieEperimert E——— Lo
Buffon's Needle Experiment

Copyright (C) 2002, Kyle Siegrist, Dawn Duehring.
Modified by Dushyanth Krishnamurthy, Jeff Ma and vo Dinov
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Buffon's needle experiment consists of dropping a needle on hardwood floor, with floorboards
of width 1. The experiment is shown graphically in the first graph box. The angle X of

the needle relative to the floorboard cracks and the distance Y from the center of the needle
to the lower crack are recorded in the first table on each update. Each point (X, Y) is shown

as ared dot in the scatterplot. The variable | indicates the event that the needle crosses

a crack. The density of | is shown in blue in the distribution graph and is recorded in the

Larts More 1

distribution table. On each update, the empirical density of | is shown in red in the
distribution graph and is also recorded in the distribution table. Finally, pi is shown stop 10 || E
in blue in the last graph and is recorded in the last table, and on each update, Buffon's
estimate of pi is shown in red in the last graph and is recorded in the last table.
The parameter is the needle length L, which can be varied with a scrollbar. 3,777
1 =
~STow Model Distribution: 9 ON T TOFF T T
7
0 1
Run X Y | | Distrib..| Data pi Estimate Data
1 1,773 0,371 0|=|0 0,681... |0,694... |Value 3,27
2 0,156 0,128 0= 0,318... |0,305... ||[Error 0,128 2

=7 ED Tntarnet | Made nrnténd « artivé ®100% v



To developp students’ autonomy

[ Exemples de fonctions injectives et non monotones - Wi... SRR ) By Sy S—_—" Explorer
Gl e
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http://www.uel.education.fr/consultation/reference/mathematiques/ani v
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E les de f i injectives et non

monotones

On peut trouver des fonctions injectives etnon
monotones: =

montre que ¥x € I, (u<x<v)=(/(¥) < f(x) < f(1)),
t identique au précédent, en intervertissant les roles joués par f(u) et

1) Soitf1a fonction numérique définie surlintervalle
"0.2] par

& Cliquez moi pour voir cette démonstration !

e soient les éléments a et b de I vérifiant ¢ <b, la fonction fest
[a.b].

& Cliguez moi pour voir cette démonstration !

fion f est strictement monotone sur 1.
@ Cliguez moi pour voir cette démonstration !

< | i J o

€ Internet | Mode protégé : activé

[héoreme des fonctions réciproques
~ Représentation graphique de la fonction

réciproque " f strictement monotone => f est injective"
& Exemple Une fonction strictement monotone est toujours injective, qu'elle soit continue ou non ; par contre il est
essentiel de supposer que f est continue sur un intervalle pour démontrer la deuxiéme partie de la
% Avez-vous bien compris ? proposition : si on enléve la contrainte de la continuité de la fonction, on peut trouver des fonctions

injectives et non monotones.

m

1 Cliquez moi pour des exemples de fonctions injectives et non monotones

€ Internet | Mode protégé : activé #,100% ~

g =2l +5

{2 Exemples ... T preésenta... T4 fien - Mic...




Individualization in the feedback

»

Primitive draw

Exercise. You see below the graph of a function f(x). With the mouse, please draw that of its anti-derivative passing through the green
point, for x between -2 and 2.

Here is the result. (The blinking curve represents the anti-derivative. Deviation = 64.3 pixels. Score: 0/10.

m

-2

ATTENTION Your curve does not even represent a function! There are values of x who would have several images.

A new function.




Non standard exercise: Open task

(http://www.stack.bham.ac.uk/).

Question 1 Focus Top 1 Bottom Validate Mark this question Help

Give an example of a function f(x) with a stationary point at x=2 and which is continuous but not
differentiable at x=0.

Your last answer was interpreted as:

(x=4) x
(OUr answer 1§ .ﬁﬁ‘wﬁ\‘"TLf\ﬁ‘:‘;.} correct.
Your answer is differentiable at x=0 but should not be. Consider using |x|, which is entered as abs (x),

somewhere in your answer.
Your mark for this attermpt is 0.67. With penalties, and previous attempts, this gives 0.57 out of 1

Answer: | (x4




Non standard exercise: Learning
step by step

Transfinite arithmetic

Exercise. We have a subset {26 8} in Z/13Z. Try to transform this subset into {0,8,9} by successively applying additions and
multiplications by elements of Z/13Z. [Help]

Step 0123456789 101112 Method
Start o e @ =
1 o o ) x4
2 @ e |0 +2
3 eeo 9 x4
4 @ o0 x 8
Goal® | | | ||| ee | | -

Bravo! You have reached the goal after 4 steps. Score: 10/10.

Once again. Introduction / reconfiguration.




A priori limits

- Some limits depend on the resource :
o Students may be logged or not.

o Exercises may be conceived with random
parameters or not.

o Communication tools may be available or not for
students or teachers.

- Some limits are general (for the time being)
o Feedbacks and answers’ analysis are crude
o The result is assessed, not the process.



Exercice 1

Soit la suite de terme général

“nz[ s - ]"
251 — +—cosn
n 4

Yous avez repondu que |a suite est convergente
Pourquoi?
Qluelle méthode employez-vous?
" Comparaison & une suite de référence
" Utilisation des théorémes algébriques sur les limites
" Utilisation du théoréme sur les suites monotones bornées
" Utilisation du théoréme d'encadrement (ou théoréme des ‘gendarmes’)
" Utilisation du théoréme sur les suites adjacentes
" Démonstration directe utilisant la définition de la limite

" Utilisation du théoréme de Cauchy

" Autre



3. Results of use

Macro level results
*Micro level results




Macro level results
(case of UoL )

- Few use, in spite of an institutional pressure
( Uol sponsored by the State)

- It seems that only the teachers who built the
system use it

- Students use it only if their teachers strongly
insist.



WHY?

» Material obstacles.

- Lack of flexibility of the resource, teachers
prefer to use micro applets and they seldom
endorse the whole content.

- Students are mainly motivated by their exam,
and Uol is far from it.



But...innovative schemes

- UoL as teaching material for :
o distance education
o some courses after adaptations by the teacher.

» UoL as a reference in Annals.

» Uol in self training lab sessions with a guideline
or a tutor (autonomous use seems too difficult).



Macro level results

(case of Wims)
» Quite a success.

» Wims is used for home work (assessed or not),
for exams, and for training.

- A community of users is active with forum and
meetings.



Why?

» Resources are flexible : teachers
o build their own exercises sheet,
o choose parameters and difficulty level,
o may program new exercices,
o may add guidelines or course material.

- Wims’s use is part of the assessment so students
are very concerned.

- It takes time to build exercises sheets but the
correction 1s automatic so it saves time too.



Micro level results

- Observation from :
o An experimentation : teaching with UoL
o Several classes using Wims.

- Results
o The importance of students engagement

o Student autonomy? Not clear, the teacher is
needed in all cases (in lab sessions as in home
work) to make the scenario and to help

o Individualization? perhaps



Individualization

Classic sessions | L.ab sessions

Teacher only speaks |[39% 72%
to a limited
number of students

Student is working 67% always
when teacher
supports him/her

Observation of the same teacher 4h lab session 8h classic session in an

experimentation : teaching with UeL.
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Individualization

For a Wims exercice :different students’ paths

120
100
80
60 -
40 -
20 -

0 |
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B Temps a la premiére rencontre BTemps pour avoir 10 B Temps supplémentaire




Qualitative results

- More time than anticipated by teachers for
direct applications and efficiency of the system.

(ex average of 17 mn to compute correctly the partial derivatives of

fxy))

- Students exchange on the solving process not on
its result, due to the random parameters of each
exercise.



An example of log file analysis

- Two exercises in a lab self training session

Direct application

23
23

22
23
23
14
14

Difficuit exercice

Total ime spent on the exercise
Average time spent on the exercise
Average time to get 10

Number of answers submitied
Average mark

Average mark of the three first marks
Average mark of the three first marks



Coming back to our six goals

Goals Results
- To rely on the picture’s role - Possible (sometimes)
- To favour constructivism - Maybe ...

Sometimes but far from
summative assessment

To promote non standard tasks

« To develop students autonomy - More a prerequisit than a
result
« To allow individualization - Possible

To support weak students - Unclear



Consistency with other researches

- Results regarding autonomy are consistent with
similar research in secondary level.

- Results are consistent with research on
innovation:

o Positive opinions of actors already convinced but
difficulty in expanding the system

o Unexpected positive outcomes (importance of
direct application)

o Too ambitious goals.



The future




The future

- Technology improvements allow for:

o Flexibility (ex projet european activmath
» Assembly tool
- Authoring tool for content and for exercise

o Tools communication
» International community



s

Tools for teacher: assembly tool

< Assembly Tool [Z]@

File Edit Tools Help

< Asseml
File Ecit |

EqEEIBEREENERE)
Ei;: _fm

| E]"""a\:; My Course
) Introduction
=4\ Chapter 1

-\_\, Defining Notations
E]'":"a\} Basic Definitions

o Cut Cirl+X

v —

) Copy Ctri+C
1 paste Chrivy
x| Delete Delete

Insert mativation
Dynamic tem 4 Insert introduction
Add note Insert explanation
Get notes Insert example
Order 4 Insert exercise

Insert conclusion
Prerequisites (tight)
| Prerequisites (cetailed)
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Tools for teacher: authoring exercises

Efements:

http:fllocalhost:8080 - Extasy: fill in blank - Mozilla Firefox

Exercise rBasic rAri(hmelic [/Relations l Analysis ]/Fum:tions ] Logic rLinaIg »

Properties: IE] b

4 blank]

]
Transition to:

Type of transition
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Teacher: Overall Group Performance

a7 X

[ Student Inspector -
Menu

‘ Browser ‘ | Admin ‘ | Analyzer |

Group performance

Groups, Students and Se<. " performance | Misconceptions | Content coverage |

23 Al stuctents 1 — Students

N Performance
1< calculus course 1

&3 calculus course 2 Group: calculus course 2 2 —_— Ti me inte rval

Selection

(W
p

Time Constraint

Ordering

) All students []From S Show 3 - Ordering

) Mstudent(s) i E """ D """ |from the worst to the best |v| '
¢first’ according to the ording) []To 4 _ M |n n u m ber

) Only students with \—_ 1_4 u* Msi:uI:::‘(::ehr::xslzshave T 4 Of eXG I'C iSGS
scores:: at least 45 exercises required

Overall performance of the worst 17 students (students with more than 4 ex) 6 Students with less than 4 e)'(7 5 - Req ueSt data
. alex3 () 2]
- Kichik ()
o 4321 @ 6 — Performance
2 0.9 Balnazzar (1)
2 g: Bisserlzubloed (1) data
% 0‘6 057 058 52 Carolin (1)
oo - g5 g5 g5 05t 052 053 055 0T
) 0.41 =
£ 04 033 035 ;gi:;:)@ 7 - StUdentS
o 03 018 0.24 0.25 Sven @ .
1] B Tery @ with not
Tsigler 2
0.0
: : . : nough ex
o™ Q\xi“(\gun“ \A:::‘q\\é‘w' W 00 a® e e ot o e \)\*S‘&?’:‘o & ::::af::ra o | enou g e
Student Isolde G) —
Teresa (3) b

IChanging to Browser mode!
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Teacher: Misconceptions per Group

ClSwdentinspector 77777 77 e e [
Menu

| Browser | | Admin | | Anayzer |

Groups, Students and " performance | Misconceptions | Content coverage |
{3 All students

» Misconception overview [
K& calculus course 1

Group: calculus course 2

aTeonera 1 3 Group Misconceptions
rom poni ][] ]|  @ve ona[~] [T~

Most frequent misconceptions - Distribution 3

{23 calculus course 2

1 — Time interval

2 — Request data

Others : 23 %

... , 3 — Most frequent errors

Rank 4: 7 %]—————
Rank 3: 8 % .
Rank 2: 9 %

4 — Complete list of errors
with relative frequencies

All misconceptions

-

5 — Frequency distribution

* 1ldifference guotient is not f{x)/x 46.6% Of Selected error (per
* 2|forgot denominator of difference guotient 9.0/ d
* 2lexponent raised, not lowered 8.1 Stu ent)
4/forgot to lower the exponent 6.7
S|fraction not simplified 6.3(5]
— |

Misconception 'difference quotient is not f¢d/x broken down according to students

Student a
FlowerPower 32| 13.204]
Dory 221 a1l
Frogchen 18 7.4
Tami 17| 7.0 B
Dino 16 6.6l7] [~

|Changing to Browser mode!




International community

& Department of Mathematics: Problem of the Week - Windows Internet Explorer

U |1 http://www.math.purdue.edu/pow/ .
Google C~ :l Envoyer{ O M~ B I 9 Mesfavorisv & 70 bloquée(s) I *% Orthographe v 21 Traduire v 2> () Paramétresy | & v

W ‘JP Department of Mathematics: Problem of the Week ‘ ‘ Xy v B v @ v [ Page v {} Outils v

Purdue Home Purdue Search Purdue Visit Purdue Giving

CoAIIege of Science

Department of Mathematics
College of Sci ls >> | For Future Stud | For current stud | For Alumni & Friends | For Faculty/staff |

Department Home Problem of the Week
Shols Current Problem

Alumni & Friends
People

Courses About the Problem of the Week...

Academic Programs
Research A panel in the Mathematics Department publishes a challenging problem once a week and invites college & pre-college

Calendar students, faculty, and staff to submit solutions. The objective of this is to stimulate and cultivate interest in good
K-12 Qutreach mathematics, especially among younger students. Solutions are due within two weeks from the date of publication and

T Download current problem as Adobe Acrobat document

Resources should be sent by campus or U.S. mail to:
Jobs
Problem of the Problem of the Week

Week Department of Mathematics, Purdue University

il 150 N. University Street, West Lafayette, IN 47907-2067

Solutions may also be faxed to 765-494-0548.
Every Purdue student who submits three or more correct solutions will receive a Certificate of Merit. Each semester, a
prize fund of $300.00 will be distributed among the Purdue undergraduates who have contributed at least six correct

solutions for that semester series.

Problem History: i

Terminé 0 Internet | Mode protégé : activé ¥ v

P || S || S || AU
& Courrier ent... & Montréal - ... E: Disque amo... [[€] Microsoft P...




Problem of the week

http://www.math.purdue.edu/pow/

Problem No. 14 (Spring 2008 Series)

Suppose a convex hexagon has vertices A{, Ao, ..., Ag in clockwise
order and that no side is larger than 1. Show that at least one of
the major diagonals is no larger than 2. Here the major diagonals are

A1A4, A2A5, a.nd A:}AG.

- Thank you
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