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ICMI-Abstract

Research on the interpretation of students’ cogeitictivities in mathematics (DeBlois, 2014) and
on teachers’ sensitivity towards students’ erroBeBlois, 2006) provided evidence to analyse
activities in the classroom. We studied behavioiificdlties of pupils in regard to when they
exhibited anxiety, agitation and task avoidance naanifestations of learning difficulties. The
didactical contract was used as theoretical framdwim study students ‘expectation as a part of
students’ cognitive activities in mathematics. Weed 46 mediations with pupils between 6 and 12
years old in two regular classes and one specidlidass. Our analysis recognized that learning
difficulties initiate behaviour difficulties for jpils we met. We identified phenomena like break of
didactical contract, effect of the didactical caadt and extension of a piece of c-knowledge to
explain anxiety, agitation or avoidance. In additjonve differentiated nine kinds of intervention
used by researchers during these mediations tovigupils.

1. CONTEXT

Across society, there is growing talk about behanab problems in regular classes. We were
interested to see if these problems could emergm flearning difficulties and which kind of
interventions could help students. Power & DeB(@811) have shown that variables related to the
interactive dimension, as opposed to the normativé structural dimensions (Zang et al. 2008),
have a great influence on success. The interadimeension offers a way to think about
interventions in a class. On the other hand, istetirons with students who manifest behavioural
problems in ordinary classes could need more tinatitutional, physical, social or emotional
adaptations (DeBlois & Lamothe, 2005; Massé & Cotl2012). For example, adapting the
physical environment may entail reducing the gugntf material made available to students.
Adapting the social environment could take the farfrrewarding students for certain expected
behaviours. Various proactive behavioural strategjle reducing the duration of the task at hand
or segmenting the learning contents are proposeatipbssible to adopt a cognitive adaptation?

2. THEORETICAL FRAMEWORK

With the goal of discerning students’ cognitiveiwties, we relied on Piaget's (1977) theory of
“reflecting abstraction” gbstraction réfléchissanteo perform research on numeration and word
problems involving an additive structure to recagnie place of students’ initial representations o
the situation, their procedures, their awarenegh@fmathematical concept and their expectations
all connected by coordination the expression oif thieativity (Belanger al., 2014). The model of
students’ cognitive activities leads our thinkimeBlois, 2014) from the production of the students
(at the bottom of the schema) to the understan@inthe top of the schema). Then, from an error in
a student’s production, in this case behaviourdicdities, we could see the pupils’ production and
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formulate questions from the basis of differentdtypesis about their initial representations orrthei
expectations.

Figure 1. Interpretative model of students’ cogmitactivities (DeBlois, 2014)

An interpretation model of students’ cognitive activities
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If students’ behaviour manifests the students’ etqg®ns regarding the situation to be performed,
we could hypothesize that such expectations, ansmge students, contribute to cognitive
disorganization and therefore creates behaviourabrghnization. Following testing of our

hypothesis, we interpret agitattananxiety’ or task avoidanceas a consequence of students’
expectations, a part of students’ cognitive agésit

To identify the expectations of students regardingituation, the notion of didactical contfact
(Brousseau, 2002) contributes to identify the imipliules created by the student about knowledge
(connaissancdsin a situation. In this theory, the word “connaisses” refers to personally and
discrete elements of knowledge and “savoirs” wheavkedge is shared or institutional form. In
this condition, c-knowledge and S-knowledge arestitiutive of the didactical contract, a difference
with a pedagogical contract, structuring the gdndeain class. Then, it is possible to discere th
cognitive conflict stemming from a break in theafitical contract. Hence, when a c-knowledge no
longer works, an opportunity for learning arisesisTinterpretation situates components in the
process of learning (DeBlois, 2014) to monitor agiole mediation (Vygotski, 1933; 1985).

Closely examining the learning contents in whichdsnts were working when their behaviour
became unacceptable provides a possible basisvituoh we direct one’s attention to the “inner

The student takes his pencil and attempts to dnavattention of his neighbour sitting opposite.gHeves a plastic
basket separating them.

2 The student talks to himself out loud, saying tretloes not understand or does not know what.to do

% The student looks around him but does not stashithe task, lays his head down on the desk, ®hisa‘head in the
clouds.”

4 The set of reciprocal obligations and "sanctiomkich each partner in the didactical situation (fétd, V. (2003).
Glossary of terms used in didactique. Retrievepk:tttww.cmesg.org/wp-content/uploads/2015/05/CMESGRpdf,
from http://faculty.washington.edu/warfield/guy-bsseau.com/biographie/glossaires/).

5 Warfield’s enlightening, section 13 entitled “Sewledge and c-knowledge” (pp. 109-111). Warfi&ld(2006).
Introduction to Didactique. Seattle: UniversityWhshington. Retreived October 11 2015, from
http://www.math.washington.edu/~warfield/Inv%20t00aRd66%207-22-06.pdf.
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discourse” of students, the content of their exgigms. Then, we want to answer these research
questions: Where do students’ expectations comma fntnen they manifest anxiety, agitation or
avoidance in math? What kinds of intervention appleaing mediation with these students?

3. METHOD

In the province of Quebec, pupils with learningfidiflties and with behavioural problems are
usually in an ordinary classroom. Then, to havetteb understanding of the possible link between
learning difficulties and behavioral problems, walgzed didactical contract (Brousseau, 2002) in
two ordinary classrooms and one specialized classnwwhere a researcher was in the class with the
teacher. The researcher started mediation whemderst manifested anxiety, avoidance of the
situations or agitation during a mathematical siturain the ordinary class.

To prepare these mediations, open-ended questiens developed. For example, questions like
«1) Tell me what you've tried, or then’ tell me wh@u thought; 2) What does this problem make
you think about? 3) Explain to me/tell me the pesbithe story; 4) Who'’s got the most? Who's got
the least? 5) Could you illustrate, what do youaeit 6) A friend told me that... What do you think
about it? ». Students’ errors were anticipated avig@rior analysis of learning contents of the
curriculum even if all mediations were carried I tclassroom on the task given. Each researcher
used the model of interpretation of cognitive atifg of the students (DeBlois, 2014) during a
master course before researching. These mediatltwvs insight into the student’s expectations to
study didactical contract. However, during thesdaliat@ons we developed new interventions to
accompany the learning process of pupils. In tleeswlitions we could answer the two research
questions.

We met pupils aged 6-7 years old (2011), 8-9 yelt42012), 10-11 years old (2013) when they
manifested agitation, anxiety or avoidance durlmgtask. One researcher for each group of pupils
did and filmed the mediations the classroom with a flip camera. We analyzedvidrbatim of 46
mediations for a broad range of mathematical sanat word problems involving natural numbers,
fractions, statistics, geometry and probabilityadleers continued their teaching in the classroom.

4. SOME RESULTS
4.1 Phenomena underlying the mediation

To answer to the first research question, we apdlstudent’'s expectations and where they came
from. Analysis shows that breaks in the didacticahtract played a role in the reactions of
avoidance, anxiety and agitation but only in onedtiof situations (DeBlois, 2014). Our analysis
revealed two other phenomena in the same proporéiffacts of the didactical contract and the
extension of a piece of knowledge (DeBlois and D&, 2005).

Then, some pupils referred to their knowledge. Ghnem was able to illustrate % of 1 but was at
a loss when confronted with % of 12. He explairi@tiey said to colour 1 in each [group of 4]...".

Then, the “part of a whole” fraction permits todiéy 4 groups of 3 raspberries (denominator) by a
familiar piece of knowledge, but block the idemfiion of numerator, an expression of an
extension of a piece of knowledge. The effects idctical contract were more present with
teachers using strategies that insisted on a phatienethod of work to solve word problems, like
doing the illustration before solving. For examptesolve a subtraction in a word problem (8-2), a
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pupil illustrated the number 8 by eight circles dahd number 2 by two others but crossed out the
last 2 circles to find again the number 8 for ansfiariviere et DeBlois, 2012). At the end, a break
of didactical contract was observed, for exampleemvan 12 year old pupil could not interpret that
587n7 fit with the volume of 10% of an iceberg. For hiinywas not possible that a little percentage
(10%) could express a large number (587) (DeBRiid4).

4.2 Kinds of intervention

To answer to the second research question, we zmthlyhe nature of interactions during
mediations. Nine kinds of intervention emerged frihv@ analysis of 46 mediations. We found more
than one kind of intervention during each mediatioh we counted only one time a same kind of
intervention during a same mediation except if vafee differed. In addition, the material was
available on the table. Then, we didn't createtagiary named “manipulative”.

We anticipated some interventions in the metho@ Il ictive student in class» and «Open
questions rather than dichotomous questions wihergupil could answer by yes or no». In the first
kind of intervention, a researcher presented thsaeing of another pupil. For example, a 8 year
old pupil found 40 when she did 10X1The researcher said: “Ok, then euh, | met a drieghmine

in another classroom. He must do the same thingasut he said that the answer was 120. What
do you think about this number? The pupil was ceefliand explained that it is a lot. The
researcher added: “How could he arrive at that rarffib The pupil shook her head, looked at other
pupils speaking around her and said: “I will do Xus 12, plus 12...” (Giguere-Duchesne
2013:86). The second kind of intervention previewepen question) allowed to ask a 8 year old
pupil, for example facing of a word problem of dran': “Ok, then what is the story in this
problem? (Giguére-Duchesne, 2013:66).

However, another kind of intervention appeared rdunnediation. Some were concentrating on
pupil’s representation. For example, during a pobbf shar® the researcher asked to a 7 year old
pupil: “They must give the same amount, you kndawnuist befair for all”. We called this kind of
intervention «Give some explanations» (Larivier@12 107). In addition, when the researcher
aimed at validating their understanding, the irgation was called: “Reformulation of the pupil’s
words”. We identified this kind of intervention,rfexample, when in front of the word probféan
researcher said: “Ok, then... if you do some jumpswvof from 14 to 0, could you know how many
boxes of maple syrup you need? (Giguere-Duche$1s:25).

It is also possible that the researcher repeatedjtiestion previously read before by the child or
explained by the teacher. We called this interngentikRecall questions». At the end, some
interventions invited the pupil to transform thetimg. For example, an 11 year old pupil must do
50% of 1180. First, he wrote 1180+ 50. Then, tleeaecher asked: “You wrote an algorithm, could
you write this in another way before arriving ta talgorithm? How did we know that we must

® Claude prepared 10 dozens of fish to put in thek lod his friend [for the April 1]. How much fistidihe prepared?

" To decorate a room, Juliette did tinsel of snokéta She did 48 snowflakes. With her 48 snowflakes; much
tinsel could she did if she follow the A model (®w/flakes illustrated) and the B model (6 snowfakiistrated).

® The team of Zoik must have money to buy a bo&d&t There are 6 children in the team. How mucheyaach
child must have if they want to give the same ant®un

® Madam [Lise] did tire on the snow for all peopléith one box of maple syrup, she could give tinreZ@ersons. How
many box she must open to have tire of all per§@fsrring to 14 persons evoked in the word problesfore].
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divide?” Coping with the hesitation of the puplietresearcher added: «You saw a circular diagram
showing that 1180 fit with 50%. How could you wrk@%?"The pupil wrote 1180/50, erased this
fraction then wrote 50% of 1180. The researcheeddts it possible to modify the appearance of
the writing of this sentence before to solve?” Pphgil wrote 50/100 of 1180. The researcher asked
again: “Could we write it in another way?” The pugxplained that he could reduce and wrote %2,
then Y2 of 1180. He drew 2 circles and wrote 118@:fihd the best answer.

Some interventions were concentrating on pupilecpdure. For example, «Comeback on students
‘procedure» appeared when researchers said taitie fShow me and explain how you did this!”
(Lariviére, 2012: 147) or “Ok and how do you dofied how much is it... all these cehts
(Lariviere, 2012 :85). On the other hand, a couate&mple appeared. For example, invited to look
at a statistic diagram representing the numbeisitiovs in connection with days in a scale of 25 on
the vertical side, the researcher asked an 8 Jdgupil: “Then, if we had 60 visitors?” (Giguere
Duchesne, 2013:126YVe observed also different kinds of comparison. Mgrouped 3 kinds of
comparison: a comparison between other studengaeations and the drawing of the teacher; a
comparison between the task and another made bafatea comparison between data of word
problems and questions. What could we say abowethéds of interventions? What are their
relevance in the cognitive process of pupils?

4.3 Types of proximity and relevance

We grouped the nine kinds of intervention with theme of Robert & Chappet-Pariés (2015) who
recognized three types of proximity during intel@ats in the classroom: horizontal proximity,
inductive proximity and deductive proximity. Thertamntal proximity consists in interventions that
aim to conserve interactions between pupils andhta This type of proximity could be more
social than cognitive because it stays on the dawe of cognition. The inductive proximity aims
to create some generalization. In these conditithes cognitive activities of pupil but also of the
teacher are fundamental. In fact, the teacher tooate the pupil’s reasoning in a learning process.
The last one, the deductive proximity aims to tfanknowledge from definition (for example) to a
particular context. This framework conducted tddtie table 1.

Table 1: Types of intervention emerge during meainat

Types of Kinds of Intervention relevant In way| Non All

Proximity relevant

Horizontal Fictive student in a class 221 (3)7[1] (2) 4[1] 23

proximity : o

(81/224 Reformulation of pupil’'s words 3)1[1] 1) 2[2] (11)9[-] 30

36%) Recall questions 2)5[2] (-)-[8] @1 19
Give an explanation to the student (-) 1 [3] (-)1[3] ) -[1 9
or a way of doing

Deductive Open question (rather than (4)12[3] (-)23[15] (3)14[2] 76

proximity dichotomies) including prepared

(84/224 questions

10 pupils must count pieces of money (1 cent, 5 ¢cditsents) to find if Laurent (a person in the evproblem) could
have enough money to buy something cost 1 dollar.
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38%) Compare to another task -1 (1) - [1] ) - [3] 3
Inductive Writing transformation () - [5] ¢)-[2] ) -1 8
proximity
(59/224 Counter-example 2 -] (12[] O -H 6
26% Come back on students' (4)14 [7] (1) 7[6] (3)11[2] 45
0)
procedure
78 87 59 224

Legend: (pupils 6-7 years old), pupils 8-9 yeads fdupils 10-11 years old]

We could observe 46 interventions with 6-7 yeadsmlpils, 106 with pupils 8-9 years old and 72
with pupils 10-11 years old. We could interpret tli¢erences because the tasks are shorter for the
youngest pupils, then mediations were shorterdthitan, even if we expected 10 minutes for each
mediation, researchers could not stop before pdipiled a solution. Furthermore, we could see
more horizontal proximity during mediations withwagest pupils (43% versus 22% of 24% for the
two other groups) while mediations with 8-9 yeald pupils present more deductive proximity
(46% versus 31% and 23%). Mediations with oldeglilpypresent more balance between different
proximities (31%, 35%, 33%). We must say that egadup of pupils worked with a different
researcher. Then, we could explain these diffeiebgehe experimenter.

We could see that interventions did not have timeseelevance for all students in all contexts and
contents. We qualified the interventions as “retgVawhen pupils manifested an explicit
understanding, by the exclamation of the pupil (@gh!) or by the fact that they kept on working
independently. We qualified interventions as “inywaf relevance” when pupils could find a
solution without explanation or when pupils begandb something alone but didn't finish. We
qualified interventions as “non relevant” when pgsipgnored the interventions or when they could
not continue to work alone.

Horizontal proximity was used in 36% (81/224) o$dlirsive studied. However, only 28% (23/81)
of them were relevant to develop an evident undedihg (more than a success). These
interventions did not have the same level of prawimin this way, intervention called “Give some
explanations to the student or a way of doing” a@n® use the same level of vocabulary without
generalization when “Reformulation” was close tauletive proximity because it could invite pupil
to create a relationship between new and old kndgéeincluding definitions or s-knowledge.
These interventions allowed to surround pupils’ eotptions to lead their attention on their
knowledge, consequently reducing anxiety.

Deductive proximity interventions represented 38Palbstudied. However, 26% (22/84) of these
interventions were relevant. Only 26% of inductpreximity appeared (59/224) during mediations.
Close to 55% (33/59) of them were relevant. Theserventions started a generalization. At that
moment, researchers gave a hint. This type of pribxineeds to locate students‘ thinking and
students' procedure in a learning process.

We tried to know if the frequency and the relevant¢hese types of proximity were significant.
Then, we assumed criteria of independence betw2énnerventions because interventions could
not conduct to another. In fact, pupils’ procedurepupils’ representations or expectations drove
interventions. The chi square test about the frequef the types of proximity is not significant as
we could see in table 2. However, the relevanchetype of proximity is significant as we could
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see in the table 3. We see that inductive proxinviyg relevant for the student’s cognitive actigtie
Then, we have some data to understand the natuirgesfction dimension (Power & DeBlois,

2011; Zang & al, 2008).

Table 2. Comparison between frequencies of typgsadimity.

Test |Cumulative | Cumulative
Types of_Proxymity | Frequency| Percent| Percent| Frequency | Percent
Deductive Proximity 84 37.50 | 33.33 84 37.50
Horizontal Proximity 81 36.16 | 33.33 165 73.66
Inductive Proximity 59 26.34 | 33.33 224 100.00

Chi-Square Test for Specified Proportions

Chi-Square 49916
DF 2
Pr ChiSq 0.0824

Table 3. Comparison on the influence of types okjnity.

type_proxymity Impact of_intervention
Frequency Row Pct | In way | Non Relevant| Relevant| Total
Deductive Proximity | 40 22 22 84
47.62 26.19 26.19
Horizontal Proximity | 28 30 23 81
34.57 37.04 28.40
Inductive Proximity 19 7 33 59
32.20 11.86 55.93
Total 87 59 78 224
Statistic DF Value | Prob
Chi-Square 4 21.2388/0.0003]
Likelihood Ratio Chi-Square 4 21.05710.0003
Mantel-Haenszel Chi-Square 1 9.2810 0.0023
Phi Coefficient 0.3079
Contingency Coefficient 0.2943
Cramer's V 0.2177

Sample Size = 224
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CONCLUSION

Explaining behavioural difficulties in the classmadrom an examination of students’ expectations
appeared to be important to structure a concegioalonment. Mediations showed that students
had some learning difficulties before to reactatidition, didactical contract explained two third
reactions. We must continue to investigate theagraog that showed by inductive proximity and its
relevance. These results raise questions towardhafbon for preservice teacher. Varied
interventions need to develop professional compatemot only in mathematic S-knowledge, but
on the interpretation of the learning process dytire class and on the nature of the interventions.
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