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Abstract: The work presented here is part of a multidiscgaynproject, called
the PEPITE project. Its aim is to set up a systenbuild student cognitive
profiles to evaluate their competences in elemgratyebra.

We consider here the problems linked to using diddaow-how related to
pencil & paper tasks and in particular how to tfanghese tasks to a data
processing system.

1. Introduction

Studies in relation with Human-Computer Interactilvaw attention to the fact that the user of
a technical device faces a double problem : firatsferring his knowledge of the task and second,
learning how to use the system. In Computer Basadriing Environments, these meaning transfer
problems for the students are called by the dideetscomputational transpositiortechnical and
physical limitations interfere with the studentisolwvledge both at the representation level and at
the action level. These limitations thus modify fflegception of the effects of the actions.

First we describe the basis of the project : th#gaclical analysis and the pencil & paper
diagnosis tools. After, we present the generalitacture of the PEPITE project.

2. The basis of the PEPITE project

This project involves in computer science, MarValet, Elisabeth Delozanne, Pierre Jacoboni
and Stéphanie Jean from the LIUM (Laboratoire a@ftnfatique de I'Université du Maine) and, in
didactics of mathematics, Michéle Artigue and BteiGrugeon from the DIDIREM laboratory of
Paris VII. The aim of the PEPITE project is to buil computerised environment ablemodelise
the reasoning process of the students of Frenaindacy schools (the year before the GCSE) in
elementary algebra. The LINGOT project which witlléw the PEPITE project will use this
modelisationto give the students appropriate learning sitmatickely to help the evolution of their
knowledge. The idea is to seek out, in the stuslevay of functioning, the « grains » of knowledge
(in French, the « pépites ») to use as a basisitd some new knowledge.

The general problem of automatic diagnosis in a8 |I] is to infer the information of the
learner’'s model from what is noticed of his behaviovhich means making an analysis and an
interpretation of the data collected during thefattion. In the PEPITE project, we base our work
on a rigorous didactic and cognitive study whicls baen validated academically, institutionally
and experimentally [2].
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2.1. The didactical analysis

This research in the didactics of mathematicsstanin the hypothesis of knowledge building:
The students have built up pieces of knowledge tomes different from the reference knowledge.
Consequently, the productions of the students ptes#erences and regularities which correspond
to their personal knowledge. One of the resultthif study is a tool enabling us to interpret the
students' productions in order to find the startpwint to modify their knowledge. This tool
combines a series of pencil & paper tasks with dtidimnensional analysis grid allowing us to
interpret the student's production to establisir ghrefile in elementary algebra.

MANUAL BUILDING OF THE STUDENT 'S PEPITE PROJECT : BUILDING SYSTEM
COGNITIVE PROFILE OF STUDENT’S COGNITIVE PROFILE
EXERCISES (TASKS) PEPITEST (existent)
actor: student actor: student
action:  do the test action:  do the test
pencil &\ paper data traces of\;he session
DIAGNOSIS PEPIDIAG
actor: teacher actor: system
action:  use the analysis grid and his action:  heuristic interpretation by use
didactic expertise of the analysis grid
values of critegja for each task values of crite\i}a for each task
PROFILES PEPIPROFIL (existent)
actor:  teacher actor:  system
action:  transversal analysis by action:  algorithmic interpretation by
interpretation transversal analysis
cognitivél/ profile cognitivéy profile
Figure 1 : The pencil & paper diagnosis tool. Figl2: Architecture of the PEPITE project.

The pencil & paper tasks

Three types of pencil & paper tasks are propos¢kdastudents during a test :
—technical exercise® determine numeric calculating and formal malgipng procedure,
- recognition exerciset determine how students identify and interprgebtaic expressions in
the algebraic writings frame or linked with othensotic frames,
— modelling exerciseto identify which algebraic type of treatment iseds how they translate
problems in the algebraic frame and how they usddbls adapted to solve the problems.

The students’ answers to the exercises are, indidisctical work, analysedly handby the
teacher with the multidimensional analysis grid.

The multidimensional analyse grid

This grid is made of six components: arithmetitgehra relationship, operationality of formal
manipulation of algebraic expressions, interpretatof semiotic representations in relation to
algebra, production of semiotic representation®iation to algebra, role of algebra and ratiogalit
in algebra.

A set of criteria is associated to each of thesdyais components. During the correction of the
tests, for each answer given by the student thehéza award global values defined by the different
criteria of the analysis grid. Certain global valuare specified by local values linked to the
exercise.

The student's profiles

Applying the analysis grid to the productions gbupil on the pencil & paper tasks produces
for each pupil a set of values for each task. Meig/ fine description of the behaviour is too
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detailed to be useds it isby the teachers (or by a computer). A transvesalysis of the grid's
results enables one to establish a higher levarigidi®n : thecognitive profilesof the students.
These profiles can be uses to understand and tdynbd student's functioning.

These profiles have three levels of description:
- a gquantitative description of algebraic competdénderms ofsuccess rates
— a gualitative description of functioning coheresnyda terms ofunctioning modalities,
— a description of flexibility between frames, reggated by aiagram

This diagnosis tool (Cf. figure 1) based on pe&cilaper tasks has been tested several times. It
has in particular been tested in June 1996 on &@iests of a third form class (14 years old). The
students’ test papers coming from this experimewehbeen used as a corpora for the conception
of the students test software of the PEPITE project

2.2. The diagnosis in PEPITE

The PEPITE project aims to automate the pencil fepadiagnosis tool. The architecture of
PEPITE contains three modules (Cf. figure 2) :
— PEPITEST which gives the students an adaptation of theip&ngaper tasks to the computer and
which collects their answers. The difficulty resdmore precisely in the transfer of the pencil &
paper tasks to the computer platform.
This software has been completed, it was testethofirst time in October 1996. The first results
show that the data collected witlEFPTEST are equivalent to those collected with the pe&cil
paper test. The most interesting result is undalipptthat the didactician was able to apply the
analysis grid and obtain cognitive profiles confiairby the class teacher.
- PEPIDIAG which interprets and codes the students’ prodastidrom the data furnished by
PEPITEST according to the multidimensional analysis gridhiler awarding values to criteria tested
by the exercise.
— PEPIPROFIL which, from the preceding code, establishes thdestts’ profiles and presents them
to the users (teachers or researchers). This ladtle has been developed.

3. Conclusion

In comparison with a learning environment, we ateriested in the previous knowledge of the
student, and not the knowledge built by the studening the interaction with the software.

We have presented the softwar€PHEST which collects data to diagnose the capacities of
students in algebra. EPITEST has been completed and successfully underwenttabe of
experimentation in class. This concludes the fisttotypage cycle for the iterative conception
process. In our conception method, we laid gregbitance on defining the evaluation criteria of
PEPITEST which means specifying the equivalence betweertdtta determined from the pencil &
paper tasks and those OEHPTEST. The first results presented here and in partictiee
achievement of a corpus fronEMTEST tasks, make it possible to envisage the didadtidys
necessary for the conception of PEPITE’s moduldiafinosis. Only this second phase will allow
us through case-studies and a statistic studyalidate the automatic diagnosis by comparing it to
the manual diagnosis established from the pengidger corpus.
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