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Abstract :

CHIC : what doesit stand for ?

Hierarchical Implicative and Cohesitive Classification

What kind of data doesit work with ?

- Numeric data, binary or not but with values between 0 and 1, presented in atable, for example 3 000 students x
250 variables

- Situations of presence/ absence, satisfaction degress, ...

What can we do withiit ?

Particulary Implicative Statistical Analysis, developed by Régis GRAS and his students. This method is used to
show hierarchised nets of variables. It has beeen used in numerous studiesin didactic of mathematicsin France.

A sofwarefor a new data analysis method : CHIC

This communicationwill be composed of two parts:

1) ashort one about the mathematica foundation of this software,

2) ademondration of the principa functions. We shdl show these functions through the andysis of a
questionnaire about problem solving in agroup of primary teachers.

Implicative statistical analysis

Every researcher interested in the relations between variables (for example a psychologis, a
specidist of methods, a didactic specididt...) asks himsdf as follows : «Let a and b be two binary
variables, can | affirm that the observation of a leads to the observation of b ?». In fact, this non-
symmetrica point of view on the couple (a, b, unlike of the methods of amilarity andyss,
expresses itsdf by the question : «lIsit right thet if a then b ?». Generdly, the strict answer is not
possible and the researcher must content himself with a quasi-implication. We propose, with the
datigtical implication, a concept and a method which alows us to measure the degree of vdidity of
an implicative propostion between (binary or not) varigbles. Furthermore, this method of data
anaysis dlows usto represent the partial order (or pre-order) which structures a set of variables.

Theor etical aspects of the binary case

Let us congder the generic Stuation of the binary case. We cross a set E of objectsand aset V of
variables. We now want to give a daigicd meaning to a quas-implication a P b (logicd
implications are exceptiond). We note A (respectively B) the subset of E where the varigble a
(respectively b) takes the value 1 (or true). Measuring the quas-indusion of A into B is Smilar to
measuring this reduced form of implication. Intuitively and quditetively, wecansay that a b bis
admissible if the number of counter-example (objectsof AC B), verifying a Ub in E isimprobably
small compared to the number of objects expected in an absence-of-a-link hypothesis between a
and b (or A and B).

The qudlity of the implication is measured with the implication intendty. The gpproach devel oped for
elaborating the implication intengty is inspired by 1. C. Lerman’s theoricd congderations for
designing his amilarity indexes (Lerman, 1981). We associate A (and B respectively) with arandom
subset X (and respectively Y) of E which have the same cardina. We then compare the cardind of
AC B withtheoneof X CY in an absence-of-alink hypothesis. If the cardind of AC B is
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improbably smdl in comparaison with the cardind of X C Y, the quasi-implication a b b will be
accepted; otherwise, it will be refused. It has been demonsirated (Lerman et d., 1981), that the
random varidble card(X CY) follows a hypergeometrical law and, under certain conditions,
follows a Poisson's law of parameter card(A).card(E)/card(E). The implication intengty is
defined by the function : j (a,b) = 1- Pr(card(X CY)) £ card(AC B) =1- decs):—:e" ,
i=0 '

with | :card(A).card(g)/card(E). We can say tha the quas-implicstion a P b is
admissble & the leve of confidencealif andonly if j (a,b) 3 1- a.

For example, we have 100 students (card(E) = 100) who can have two behaviours a and b with
card(A) = 6, card(B) = 15 and card(AQE) = 1. We can observe that the number of students
(here 1) refuting the implication a P b isimprobably smdl in an absence-of-a-link hypothess. In
fact, j (a,b) = 0.965 that isto say alevel of confidence equa to 96.5 per cent for the implication

because the probability that card(X C \_{) < lisequa to 0.035.

The notion of atistical implication is extended :

- to modad (or qualitative) variables and numerica (or quantitative) variablesin (Larher, 1991),
- to ordind variablesin (Bailleul, 1994).

Implication graph

A great interest of the atigtical implication consgts in sudying together dl the variables on a given
population. We can associate a measure of ther implication intengty with each couple (a,b) of
variables. This will be represented by a valued oriented edge. When the cardinds of A and B are
equals, there are two oriented edges (@ ® b and b® a). If we fix a condition of trangtivity of the
implication (generdly 0.5), it is possible to generate a trangitive graph. For example, if we have a set
of five variables, whose implication intengties greater than 0.5 are given in the following table :

p a b C d e
p a b C d e
a 0.97 0.73
b
c 0.82 |[0.975 0.82
d 0.78 0.92
e

we obtain the following graph :
©

@
@/ %@

A. Larher (1991) has proved that the order between the intengities respects the order between the
cardinds. So, for each pair of variables, we only keep the maxima intensity of the two couples
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defined by this pair. We can also prove (Gras et Larher, 1992) the relation existing between the
linear corrdlation coefficient and the statistical implication and the relation between the c¢? of

independance and the statistical implication.

M. Ballleul (1994) has built the notion of subjects contribution to the trangitive ways and nets of

variables. So it is possible to find subjects who are representative of each net of variables.

Representation of problem solving for elementary school teachers

M ethodology

In 94-95, we proposed a questionnaire to 97 dementary school teachers and asked them to choose
in this set of assertions five sentences they agreed with and five sentences they disagreed with. They
had dso to order these sentences from 1 (resp. (-1)) to 5 (resp. (-5)), 5 was given to the sentence

with which they agreed most (resp. disagreement).

Hereisthe questionnary.

nO

assartion

«mark>»

In mathematics, what pupils of my class prefer is to solve problems.

Before letting pupils work on a problem, we solve one together at the board.

1
2
3

In a group work, when the firs ideas are expressed, | like the research to become
individud.

When a problem is given, whatever may be the way of working, we must obtain acommon
solution.

ol

| often give problems about new notions.

»

Problem solving takes alot of time. If we want to cover the curriculum entirely, it would be
better to give pupils training exercices.

Generdly, | give the pupils a problem and they get dong.

| don't let pupils write mistakes on the board so as not to distort the idess.

We often bore the pupils with problems they are not interested in.

When | propose problem-solving, I'm thinking of a « working-group ».

In the first primary grade, | think pupils don’t have to solve problems.

Evenif it takesalot of time, | let pupils solve problems with their own capacities.

| mark the problemsthat | have given to the pupils.

When we correct a problem, every pupil is invited to propose his solution to the other
pupils.

15

| prefer giving a problem when a notion is completly explained. It prevents pupils from
making mistakes.

16

Generdly, pupils enjoy doing problems.

17

| reserve problem solving for the end of the school year.

18

Problems are, for me, the occasion of seeing if pupils have a synthesis view of what they
have been studying so far.

19

| do not mind staying more than aweek on a problem if | see that pupils keep trying to find
the solution.

20

When we correct an exercice, | eventuay let a pupil write a wrong proceeding on the
board so that a debate may occur, before unanimity.

21

If we propose many researches, pupils don't like easy exercices ; they prefer «bran-
breaking » problems.

22

| don't let pupils go wrong because it makes us lose time.
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23

| give problems about notions that pupils dso study in other classes.

We have obtained a table (97 lines and 23 columns) where variables were ordinds vaues. We
transformed it in a 97 x 46 table asfollows::
- the first 23 columns correspond to the 23 sentences « pogtively » seen : someone chooses it and
adheres to this assertion giving it a positive row. Ordind variables become modd varidbleslike this :
not chosen ® O; choice1 ® 0.2 ; choice2 ® 0.4 ; choice3 ® 0.6; choice4® 0.8; choice5
® 1.
- the rext 23columns correspond to the 23 sentences « negaively » seen : someone chooses it and
rgect this assartion giving it a negative row. Ordind variables become modd variables like this : not
chosen ® 0O ; choice (-1) ® 0.2 ; choice (-2) ® 0.4 ; choice (-3) ® 0.6 ; choice (-4) ® 0.8;
choice (-5) ® 1.

We shdl find in the next table the set of variables and their weight. (3 = sentence n°i)

vl V2 v3 v4 V5 V6 V7 v8 V9 v10 v1l v12

sl+ 2+ S3+ A+ S+ 6+ s/+ S8+ O+ | s10+ | s11+ | s12+
weight | 2.8 76 | 29.2 8 18.6 14 14.4 34 5.6 7.8 0 34

v13 v1l4 v15 v16 vl7 v18 v19 v20 v21 v22 v23

s13+ | sl4+ | s16+ | s16+ | s17+ | s18+ | s19+ | 20+ | 21+ | S22+ | s23+
weight 1 49 2.8 7.6 0 23.2 8.2 51.2 1.6 5.6 54

v24 v25 V26 v27 v28 v29 v30 v3l v32 v33 v34 v35

sl- s2- s3- A s5- S6- s7- s8- SO s10- | sl1i1- sl12-
weight | 5.4 18 1 17.2 | 144 27 9.2 26.8 6 7.4 30 24

v36 v37 v38 v39 v40 v4l v42 v43 v44 v45 v46

s13- sl4- | s15- s16- s17- s18- s19- s20- 21- 22- | 23-
weight | 16.6 0.8 14.6 2.4 53.2 0.4 10.2 1.8 3 20.2 3

Here, we shall be specidly interested in the way variables nets gppear in the implicative graph.
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Implicative graph built at threshold .75
In this graph, thick lines represente trangtive links.

We shdl progressively lower the threshold of the intengity of implication to try to perceive the
complexity in the set of implicative links between varigbles.
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Implicative graph built at threshold.70

We can dlearly digtinguish four nets of varigbles. Let uslower alittle more the threshold.

Implicative graph built at threshold .68

We stop here our investigation of the implicative graph because of arisk : if we lower more the
threshold, the quality of links does not remain as sure as we want.

This analyss has shown four nets of variables that we now have to trandate (write the assartions
that are behind the numbers of the variables) to give interpretation of the nets.

42



The result of the first operation is shown in the following page.
What do these four nets of variables mean ?

Let us transcribe sentences of R1. In the diagrams below, a frame with a white background means a
positive opinion on the assartion, a frame with agrey background means a negative opinion on the

asartion.

| don't let pupils go wrong
because it makes us lose time

In mathematics, what pupils of my
class prefer isto solve problems.

Before letting pupilswork on a
problem, we solve one together at
the board.

When | propose a problem:-situetion,

I’m thinking of « working-group ».

| often give problems
about new notions.

R1

Problems are, for me, the occasion of
seaing if pupils have a synthesisview of
what they have been studying so far.
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Through this organisation, it seems that we have here a representation of « evauation-problem », a
synthesis during which pupils, individualy, have to reproduce some situations thet have aready been
proposed.

Let us now study the implications which congtitue the net R2.

| prefer giving a problem when anotion is completly explained. It prevents pupils from making
mistakes.

| don't let pupils go wrong because it makes us Igse time

Evenif it takesalot of time, | let pupils solve problems with their own capacities.

We can seein this trandtive way the choice to give pupils problem as tools to build notions, even if
we risk being faced with difficulties they will have to try to overcome with their own capacities. This
choice required some « time-investmert ».
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| don't let pupils go wrong because it makes us lose time.

| don't let pupils write mistakes on the board not 1

o digtort the ideas.

When we correct a problem, every pupil isinvited to propose his solution to the other pupils.

The risk of deadlocks and the risk of «digtorting the ideas » are taken upon themselves by the
teacher through atime of confrontation in the group of pupils that have, here, a regulating cognitive

function.

| don't let pupils write mistakes on the board not to distort the idess.

When we correct a problem, every pupil isin

Vited to propose his solution to the other pupils.

When we correct an exercice, | can let a pupil write awrong proceeding on the board so that a
debate may occur, before unanimity.

We can date precisgly the previous interpretation : the regulating cognitive function of the pupils

group is a the origin of unanimity.

There are dso two Smpleimplication in R2.

We often bore the pupils with problems they

are not interested in.

v

Problem solving takes alot of time. If we
want to cover the curriculum entirely, it would

When we correct a problem, every pupil is
invited to propose his solution to the other

pupils.

be better to give pqpi Istraining exercices.

We propose this interpretetion : one way of
getting pupils intersected in solving problems
is to make of this activity a «socia » activity
in the group of pupils.

When we correct an exercise, | can let a
pupil write a wrong proceeding on the board
so that a debate may occur, before unanimity.

We can see here the same idea of a
« socid » activity reinforced by the negative
opinion on the training exercices.

To sum up R2, we shdl say that it shows us an obvious evolution of the function of error. Errors,
and the capacity to go beyond, are for a pupil, a sngular individua in a group, condituents of the

sense of problem-solving.
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The following net R3 is more difficult to interpret than the two previous ones. Let us transcribeit.

| mark the problems that | Generdly, | givethe pupilsa
have given to the pupils. problem and they get dong.
T \When a problem is given,
| often give problems | give problems about whaitf/er may be:h(;,;tvyay of
about new|notions. notions that pupils aso working, ;vde Utr_nu ovana
study in other classes. common ZIOI‘].
In the first primary grade, | ,_ v
think pupils don’'t have to |l reserve problem solving for
solve problems. the end of the school year.

Wethink thet in this net we can see problem-solving as atool for globa learning:

- learning of sdf-governing : pupils get dong in front of a new Stuation, even about new nations,

- learning of socidisation, and cognitive socidisation : we must obtain acommon solution This
preoccupation is a purpose dl through the year, problems are not reserved for the end of the year;
- learning mathematics with subjects of other classes.

The last net R4, composed of only two implications, is teacher-centred.

\We often bore the pupils with
problems they are not interested in.

N
| do not mind staying more than \When | propose problem-
aweek on aproblem if | seethat olving, I'm thinking of
pupils keep searching. <« working-group ».

This net show a pedagogica problem for the teacher: the fears that problems may bore pupils. The
solution is « working-group », but it requires alot of time!

We are now able to sum up the characterigtics of the four nets that have come to light thanks to the
implicative andyss

R1: evaluation-problem;

R2: errors, and the capacity to go beyond, as constituents of sense of problem-solving;

R3: problemsolving asa tool for global learning;

R4: problemsolving as a pedagogical problem for the teacher.
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