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Context of doctoral research Identification of effective practices 
and didactic tools for teachers

Proportionnality
Fundamental mathematical concept of 

education

Central notion
Students' difficulties with this concept 

(Comin, 2002)

Mastery of proportional reasoning
Important element in the understanding and application of 

mathematics (Department of Education, 2012)

Teaching
Teacher Difficulties (Roblin, 2015)



Context of doctoral research 

56% success rate

42% success rate



Problem solving, a complex mathematical modeling process 

(Bonotto, 2013 ; Carlson & Bloom, 2005; Fagnant, 2008; Verschaffel et al., 2000)

Problem Representation Resolution Interpretation and

communication

Check



Iterative model of instructional design (Savard, 2020) 

Analysis phase

1

Design phase

2

Realization 
phase

3

Implementation
/Evaluation 

Phase

4



Moodle platform

LMS Supported by a community Evolutionary
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Pedagogical device (45 min)

1) Principle of self-explanation and 
worked examples


2) Problem solving by analogy



Testing of educational 
pathways

Level of instructional support and 
schematic representation

1100 students aged 13-14

2021-2022

(Booth, Koedinger & Paré Blagoev, 2011; Lange et al., 2014; Mc Ginn et al., 2015; Van Gog et al., 2010) 

1) Principle of self-explanation and 
worked examples


Cognitive load - - -

Performances +++

Steps to resolution 
-> better 

understanding

Novice audience
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Testing of educational 
pathways

Level of instructional support and 
schematic representation

1100 students aged 13-14

2021-2022

(Costermans, 2001; Dupay, 2011; Rippol, 1992) 

Target problem 

Application of a strategy developed for 
problem n°1

Problem 

source

2) Problem solving by analogy



Testing of educational 
pathways

Level of instructional support and 
schematic representation

1100 students aged 13-14

2021-2022 2) Problem solving by analogy

(Devidal et al., 1997; Escarabajal, 1988; Nogry & Didierjean, 2006; Thévenot et al., 2006) 
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Schematic representation 

The manipulated independent variables  

2) Problem solving by analogy

(Dragone et al., forthcoming)



Testing of educational 
pathways

Level of instructional support and 
schematic representation

1100 students aged 13-14

2021-2022 2) Problem solving by analogy

Help 

The manipulated independent variables  

(Dragone et al., forthcoming)



Testing of educational 
pathways

Level of instructional support and 
schematic representation

1100 students aged 13-14

2021-2022

Schematic representation

With Without

Help level
Level 1 Groupe 1 Groupe 2

Level 2 Groupe 3 Groupe 4

The independent variables manipulated 

And their levels

2) Problem solving by analogy

Pedagogical device (45 min)



Testing of educational 
pathways

Level of instructional support and 
schematic representation

1100 students aged 13-14

2021-2022

Schematic representation
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Help level
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Help level
Level 1 GR = 30% GR = 16% GR = 23%

Level 2 GR = 15% GR = 13% GR = 14%

GR = 22% GR = 14%

p = 0,006
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Testing of educational 
pathways

Level of instructional support and 
schematic representation

1100 students aged 13-14

2021-2022

Schematic representation

With Without

Help level
Level 1 Group 1 Group 2

Level 2 Group 3 Group 4

The independent variables manipulated 

And their levels

2) Problem solving by analogy

Schematic representation

With Without

Help level
Level 1 GR = 30% GR = 16% GR = 23%

Level 2 GR = 15% GR = 13% GR = 14%

GR = 22% GR = 14%

Interaction effect

p = 0,058



Conclusio
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Proportionality, a crucial 
element of mathematics 
learning (Daro, Geron & 

Stegen, 2007)

Use of high-level 
knowledge (Stecker, 2016)

Schematic representation 
(Bentley et Yates, 2017)
Difficulties in schematizing 
the problem (Stecker, 2016)

Additional cognitive load 
(Laparra and Margolinas, 

2009)

Level of support
Working memory (Paas & 
Van Merriënboer, 1994)

Guided learning through the 
use of worked examples 

(Kirschner, Sweller, & Clark, 
2006)

Joint effect of schematic 
representation and 

signaling
Kirschner et al. studies 

(2006)
Worked examples (Renkl, 

2014)

Working memory (Kirschner 
et al., 2006)

Acquisition of long-term 
knowledge

Effect of our device in the 
long term

Retention of resolution 
strategies


