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Introduction

Importance of the development of
Individual skills to model and solve real
life problems (OCDE, 2003).

2002: New syllabi for the Physics and
Mathematics courses emphasizing the
role of mathematics as a tool for
modeling
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Objectives

To study:

how the modeling processes “become alive”
In French schools, and

the identification of students’ difficulties in
modeling a real life problem
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Theoretical Framework

Chevallard’s Didactical Transposition
theory (1991)

Distance from “Wise” Knowledge to
“Taught” Knowledge

Chevallard’s Anthropological Theory
(1999)

Notion of praxeology as a useful tool to
analyze textbooks ( , , , )
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Methodology

Analyses of syllabi

Analyses of six textbooks (using the
praxeology notion)

The notion of “differential equation
was focused on a modeling tool.
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Research question

What kind of tasks and techniques are
demanded from students when they are
confronted to modeling a real life
situation using differential equations?
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Sample Exercise
(Textbook: Bordas)

EEl * * Loi de Newton

A I'instant t = 0 (exprimé en heure), un corps dont la tempé-
rature est de 100° (en degré Celsius) est placé dans une salle
a 20,

On désigne par 8{r) la température du corps a I'instant 1,
D'aprés la loi de refroidissement de Newton, la vitesse de
refroidissement 8°(7) ¢st proportionnelle a la différence entre
Ia température du corps et celle de la salle.

Le coefficient de refroidissement est supposé égal 1eia — 2,08

a. Expliguer pourquon © 8§40 522 08 (B{1) - 20) .
b. En déduire 1"expression de 8(r).
. Etudier le sens de variation de 8 sur [0 ; + oof.

Déterminer la limite en + o0 de 6,
Tracer la courbe représentative de 6.,

d. DEEE[TI‘IIHEI |E lemperature a0 COTPS, ALTonaie au EegiE au

bout de 20 minutes, puis au bout de 30 minutes.

e. Déterminer une valeur approchée du temps au bout duguel
la température tombera & 30°

— graphiquement ;

— en utilisant une calculatrice.
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Extension to the Physics Course

The DE Is also an important notion in the
Physics courses

DE appears in the study of:
Mechanics

Radioactivity
Electric Circuits (RC, RL, RLC)
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Sample Exercise
(Textbook: Bordas)

-
| Le circuit de la figure 27 comporte :
| —un générateur de tension de force électromotrice
E=120V,
—un conducteur ohmique de résistance R=2,40 k2,
- un condensateur de capacité C=2,20 uF.

|
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EXxercise To

Set up the DE in which

= N the Uc voltage is the
Tec N e B stodions i solution
erateur et, dans la po

Represent the Sle RC.

diagram of an electric /la position 1 3 la date t=0
circuit on différentielle traduisant les varia- TDE

ension u aux bornes du condensateur en
ion du temps.
/ ement cette
ansateur non |

DES CONSE!

1.a. Il fau e un schéma avec
les fleches re entant les tensi
aux bornes dU  pnérateur, du co d u

+RC——=E

teur ohmique) ft du condensatd Y dt

TEC
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Exercise

Tps

Linterrupteur S permet, dans la
Solve the DE

dipéle RC au générateur et, da
court-circuiter le dipdle RC.

1. On ferme S dans la position 1 4 la date t=0.
a. Etablir I'équation différentielle traduisant les vari
tions de la tension u aux bornes du condensateur en

fonction du temps.

- Résoudre complétement cette équation différentielle Tos
n supposant le condensateur non chargé a la date t=0.

b. En se reportant au cours, dans ce

b. c. d. Reprendre la méthode du ’ - EE
. cas, I'expression devient :
cours pour mettre en équation la .

t
réponse du dipdle RC a un échelon u=E (1 — ﬁf) :

de tension (paragraphe Il1.3.).
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Modeling process in Physics Course

Even If the type of task Tec “Represent
an electric circuit diagram” appears in
the textbooks, it Is a task not commonly
assigned.

The task Toe “Set up a mathematical
model” (a differential equation) is usually
assigned to students, but the steps to do
It are given In the exercise
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Modeling process in Physics
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Transposition of the
modeling process

The textbook analysis revealed the
transposition process (Chevallard, 1991)
of the experts’ modeling processes into a
different process used in schools

In the Mathematics and Physics classes,
there was a lack of exercises to make
the student face the transition from the
stages of Pseudo-Concrete Results to
those of Model-Reality Confrontation
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Second Objective

To identify the students’ difficulties In
modeling a real life problem
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Design of an experimental situation

Characterized by:

Unusual tasks (out of the scope of the
common didactic contract)

Students’ confrontation with the transition
from Real Situation + Pseudo-Concrete
Model toward the construction of the
Physical Model
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Introductory text (PCM)
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We need to model the defibrillator with an
electric circuit, like those studied in class.
Draw an electric circuit diagram and justify

your choice .
A possible (and correct) answer:

ICME XI - July 2008.



Experimentation settings

There were 25 students in their senior year
of three different French high schools.

The experiment took place after teaching
the topic of “Electric Circuits.”

The students worked in pairs and had one
hour to solve the problem.
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Feedback B A B B

Real Situation

(R+S) Phvsical ! Mathematical
: Pseudo — Concrete o ysica —_—_=h Model :
Pseudo-Concrete__ Model — Model —_— :
. Model i B (MM) 5
| (PCM) (PCM) X (PM) <- i ]
| i @ . Rereading of |
| | .+ task B :
Pseudo — concrete Domain P hy5|caIDoma|n _______ Mathematical Domain

The teacher validates the students’
proposal to include a resistance
in the circuit
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Type of task Transition between phase®escription of the task
In the modeling process

Tec Real Situation + PseudpRepresent an electric circyi
Concrete Model diagram (a  resistanc
to Physical Model capacitor circuit, RC circuit)

No technique associated to this type of
task in the Physics textbooks
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Difficulty of task A

Some “hybrid” configurations appeared.

The difficulty to insert a resistance as
part of the electric circult (replacing the

patient’s thorax ) was recognized from
the students’ productions
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Conclusions

The construction of both an adequate pseudo-
concrete model and the physics model should
be done by students themselves. This study
finds that it is absolutely necessary that the
aforementioned be done in school.
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Conclusions

Giving feedback from one task to
another develops a proper solution of
each task. This is an important feature to
take into account in the design of future
modeling activities
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Questions?

Thank you!




