
Cours 2024-2025:

La perception des graphiques: 
un nouvel exemple de recyclage neuronal

The perception of graphics : a new example of neuronal recycling

Stanislas Dehaene
Chaire de Psychologie Cognitive Expérimentale

Cours n°6

L’accès au sens des graphiques et l’éducation aux graphiques
Graphics meaning and education to graphics



Beyond literacy and numeracy, 
graphicacy is a key aspect of our mental toolbox.

How should we teach it?



Examples from TIMSS : How graphics are tested at TIMSS (CM1)

About 20% of TIMSS “points” come from tests of graphics !! (as opposed to 4-5% of teaching sequences in French math 
manuals…)

Description of 'Data' part in TIMSS (https://timssandpirls.bc.edu/timss2023/frameworks/chapter-1.html) :
“The explosion of data in today’s information society has resulted in a variety of visual displays of quantitative information. 
Often the internet, newspapers, magazines, textbooks, reference books, and articles have data represented in charts, 
tables, and graphs. Students need to understand that graphs and charts help organize information or categories and 
provide a way to compare data.

The data content domain consists of two topic areas, both of which should begin to be mastered in 4th grades.
• Reading and displaying data (10%)
• Interpreting, combining, and comparing data (10%)

Reading and Displaying Data
1. Read data from tables, pictographs, bar graphs, line graphs, and pie charts.
2. Create or complete tables, pictographs, bar graphs, line graphs, and pie charts.

Interpreting, Combining, and Comparing Data
1. Interpret data and use it to answer questions that go beyond directly reading data displays.
2. Combine or compare data from two or more sources, and draw conclusions based on two or more data sets.”



Quelques exemples d’items tirés de TIMSS en CM1







What should teachers explain about graphics?

A great variety of exercises similar to TIMSS, and forming a systematic
progression:

On the perceptual side :
Trend perception: What is the trend in a data set ?
The grammar of graphics : Reading the axes, legend, etc

On the conceptual side :
The number – space mapping, and the notion of linear scale
The idea that a data point can represent two numbers
The relations between multiple data points and what they mean 

(e.g. an increase)
The grammar of functions : linear, quadratic, etc.
The correspondence between a graphic and a data table
Statistical notions : means, variability…

Plus critical thinking and graphic alertness: 
- awareness of the various biases that can affect our understanding
- awareness of possible data manipulations

Already intuitive to young children !



Adults can extrapolate a variety of curves
Ciccione, L., & Dehaene, S. (2021). Can humans perform mental regression on a 
graph? Accuracy and bias in the perception of scatterplots. Cognitive Psychology

Participants understood the function (not just use the tangent).
Response variability increased with distance to the function, and 
with the available data (for piecewise linear).
The Deming bias was replicated



What do young children understand about graphic curves?
Ciccione, L., Lubineau, M., Morfoisse, T., & Dehaene, S., 2024, submitted

Curve retracing Free prolongationStimulus

We assessed an early, proto-mathematical understanding of curves by asking preschoolers (N=39) and first 
graders (N=42) to draw the prolongation of various mathematical patterns, ranging from linear to non-linear 
functions such as quadratics and exponentials, periodic functions, and more complex composite patterns. 



What do young children understand about graphic curves?
Ciccione, L., Lubineau, M., Morfoisse, T., & Dehaene, S., 2024, submitted
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What do young children understand about graphic curves?
Ciccione, L., Lubineau, M., Morfoisse, T., & Dehaene, S., 2024, submitted
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The green scale indicates 
that children are much 
better than chance at the 
task.

Position, derivative 
curvature and oscillation 
are intuitive at age 5 and 
especially 6. 

Only exponential decay is 
hard (difficult notion of 
asymptote, which was not 
even drawn on the page).



Curvature is a non-trivial 
concept that children 
understand intuitively:

They prolong 
- straight lines with a 

straight line
- curves with an 

appropriate curvature



Sinusoids, zigzags and loops are also 
well understood.

The only problem is that children 
tend to confuse sinusoids with 
zigzags.



The period of the oscillation is rather accurately reproduced.



Preliminary evidence for compositionality and a grammar of functions :

Children understand the composition of an oscillation and an amplitude change.



Could these findings be due to implicit motor integration 
rather than explicit curve comprehension ?
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Could these findings be due to implicit motor integration 
rather than explicit curve comprehension ?

Essentially all results 
are replicated with a 
multiple choice task
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The grammar of graphics extends to more sophisticated drawings



Memory for spatial sequences 
requires a “language of geometry”

Amalric, M., Wang, L., Pica, P., Figueira, S., Sigman, M., & Dehaene, S. (2017). 
The language of geometry: Fast comprehension of geometrical primitives and 

rules in human adults and preschoolers. PLoS Computational Biology, 13(1)

Subjects see a sequence and are asked to anticipate the next location.

A mini « language of geometry » captures the observed regularities. 

Example : “four segments” or “zig-zag”
Formula = [H^2]^4{+1}  
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1. A small list of 
numerical and geometrical

primitives

2. A single recursive rule :
Repetition (possibly with variations)

Repeat n times

The mental program for Zig-Zag  =     repeat 4 times      (repeat 2 times       (symmetry)    )
changing the start point by +1

Key properties of 
the postulated language :



What types of functions and regularities can adults grasp ?
Mills, T. E., Tenenbaum, J. B., & Cheyette, S. J. (2023). Human spatiotemporal pattern learning as probabilistic program synthesis.

50 adult participants were asked to predict the next item in a sequence (20 predictions for each sequence).
50 sequences of extremely variable nature and complexity were tested. All of them were correctly inferred in less than 20 trials!
The best-fitting model is probabilistic program induction (relative to other non-compositional statistical learning models)



What types of functions and regularities can children and monkeys grasp ?
Mills, T., Coates, N., Silva, A. A., Ferrigno, S., Schulz, L., Tenenbaum, J., & Cheyette, S. J. (2024). Connecting the dotsௗ: A comparative and developmental analysis 
of spatiotemporal pattern learning. Proceedings of the Annual Meeting of the Cognitive Science Society, 46(0). https://escholarship.org/uc/item/2c78839g

The task was replicated with 20 adults, 50 4-6 year-old children, and 2 macaque monkeys.
On a touch screen, participants clicked on the next point, and were rewarded if they were close enough to the correct point, which was 
drawn from the set of curves and programs at right.
Monkeys were trained for 9 months!



What types of functions and regularities can children and monkeys grasp ?
Mills, T., Coates, N., Silva, A. A., Ferrigno, S., Schulz, L., Tenenbaum, J., & Cheyette, S. J. (2024). Connecting the dotsௗ: A comparative and developmental analysis 
of spatiotemporal pattern learning. Proceedings of the Annual Meeting of the Cognitive Science Society, 46(0). https://escholarship.org/uc/item/2c78839g

Here are some of the 
productions in each 
group.

The progression over 
time within a given 
sequence is 
represented by the 
colors 
(pink = beginning, 
orange = end)

Monkeys can learn a 
straight line, but fail 
even with a triangle!

Children clearly learn 
complex patterns and 
“programs” such as 
turning around a 
square

Adults (n=20)

4-6 year old children (n=50)

Monkeys (n=2)



What types of functions and regularities can children and monkeys grasp ?
Mills, T., Coates, N., Silva, A. A., Ferrigno, S., Schulz, L., Tenenbaum, J., & Cheyette, S. J. (2024). Connecting the dotsௗ: A comparative and developmental analysis 
of spatiotemporal pattern learning. Proceedings of the Annual Meeting of the Cognitive Science Society, 46(0). https://escholarship.org/uc/item/2c78839g

The overall success rate is 92% for adults, 67% for children, and 32% for monkeys.
Some of the curves are very characteristically rising for young children 
Adult and children behaviors are tightly correlated, but monkey behavior is not correlated with either of them.
Monkey behavior is driven by linear interpolation.
Human behavior (adults and children) is best modeled by a Language of Thought for geometrical programs.
 a nice way to teach the properties of curves and programs?



Last year’s course: 
Children’s drawing already imply a remarkable degree of geometric sophistication

Giovanni Francesco Caroto
Portrait of a Young Boy holding a Child's Drawing

Goodenough (1928): "the 
child draws what he 
knows, rather than what 
he sees.“
Children (attempt to) draw 
an abstract mental model
rather than an accurate 
depiction of the object.
“Children and primitive 
man make use of very 
similar devices for the 
representation of space; 
both make plentiful use of 
symbols for the 
representation of things 
not actually shown in the 
drawing and neither have 
any hesitation in 
representing the invisible as 
if it were visible”.

Let’s use this abstraction in 
preschool mathematics !



This is reminiscent of the “Singapore method” (Jerome Bruner):
Concrete / Pictorial / Abstract (Concret / Imagé / Abstrait)
Manipuler / Représenter (pas “verbaliser”) / Abstraire

Point 2. Teaching the meaning and the statistics underlying a graphic

Kerns, S. H., & Wilmer, J. B. (2021). Two graphs walk into a barௗ: Readout-
based measurement reveals the Bar-Tip Limit error, a common, categorical 
misinterpretation of mean bar graphs. Journal of Vision, 21(12), 17. 
https://doi.org/10.1167/jov.21.12.17

Education to graphics should explicit teach the key 
invention that underlies graphics:
Each data point may represent two numbers (or more!)
And therefore
- A collection of points (graph) can represent a trend, a 
relation between variables
- A graph can illustrate the variability and 
reproducibility in the data.

Two points of attention :
- Education to graphics should include an education 

to statistics : central tendency, variability, 
distributions, and their measures.

- Children (and adults!) can be misled by superficial 
properties of the graphics.

Here the authors draw attention to the fact that bar 
graphs are frequently associated with counts of data 
(sums) rather than with means.



Statistical background: The need to understand what a data point means

Kerns, S. H., & Wilmer, J. B. (2021). Two graphs walk into a barௗ: Readout-based measurement reveals the Bar-Tip Limit error, a common, categorical 
misinterpretation of mean bar graphs. Journal of Vision, 21(12), 17. https://doi.org/10.1167/jov.21.12.17

Bar graphs can have two different 
meanings: 
- The total count of a set of items
- But also, alas, the central tendency of 

a distribution (typically the mean)

A minority of line graphs refer to means, 
even in university textbooks.

What do viewers really understand when 
they see such a graph ?



Statistical background: The need to understand what a data point means

Kerns, S. H., & Wilmer, J. B. (2021). Two graphs walk into a barௗ: Readout-based measurement reveals the Bar-Tip Limit error, a common, categorical 
misinterpretation of mean bar graphs. Journal of Vision, 21(12), 17. https://doi.org/10.1167/jov.21.12.17

The authors use a drawing task to try to 
understand what viewers have in mind
when they see a bar graph.
They show a graph, explain with a legend, 
and then ask to draw 20 data points in 
each of 2 bars.

They identify a “bar tip limit” (BTL) bias: 
even when they are told that the graph 
represents a mean, about 20% of 
participants draw the items as if they 
were inside the bar.

See also : Newman, G. E., & Scholl, B. J. 
(2012). Bar graphs depicting averages are 
perceptually misinterpretedௗ: The within-
the-bar bias. Psychonomic Bulletin & 
Review, 19(4), 601-607.
Dots within the bars are judged as more 
likely to be in the original data.



The need to convey uncertainty and not just means

van der Bles, A. M., van der Linden, S., Freeman, A. L. J., Mitchell, J., Galvao, A. B., Zaval, L., & Spiegelhalter, D. J. (2019). Communicating uncertainty 
about facts, numbers and science. Royal Society Open Science, 6(5), 181870. https://doi.org/10.1098/rsos.181870

This paper emphasizes the need to develop tools for better communication of uncertainty.
They provide many examples.
E.g. the website of the Education Endowment foundation: 
https://educationendowmentfoundation.org.uk/education-evidence/teaching-learning-toolkit



The need to convey uncertainty and not just means

van der Bles, A. M., van der Linden, S., Freeman, A. L. J., Mitchell, J., Galvao, A. B., Zaval, L., & Spiegelhalter, D. J. (2019). Communicating uncertainty 
about facts, numbers and science. Royal Society Open Science, 6(5), 181870. https://doi.org/10.1098/rsos.181870

Figure 6. Bank of England’s fan chart for GDP growth (from the 
November 2017 ‘Inflation Report’ [173]). In their notes to this 
chart the Bank write: ‘The fan chart depicts the probability of 
various outcomes for GDP growth...To the left of the vertical 
dashed line, the distribution reflects the likelihood of revisions 
to the data over the past; to the right, it reflects uncertainty 
over the evolution of GDP growth in the future...The fan chart is 
constructed so that outturns are also expected to lie within 
each pair of the lighter green areas on 30 occasions. In any 
particular quarter of the forecast period, GDP growth is 
therefore expected to lie somewhere within the fan on 90 out 
of 100 occasions’.



The need to convey uncertainty and not just means

van der Bles, A. M., van der Linden, S., Freeman, A. L. J., Mitchell, J., Galvao, A. B., Zaval, L., & Spiegelhalter, D. J. (2019). Communicating uncertainty 
about facts, numbers and science. Royal Society Open Science, 6(5), 181870. https://doi.org/10.1098/rsos.181870

Figure 7. Global average temperature change (IPCC). Adapted 
from the IPCC [38]. Diagram showing the relative importance of 
different uncertainties, and their evolution in time. (a) Decadal 
mean surface temperature change (8C) from the historical 
record (black line), with climate model estimates of uncertainty 
for historical period (grey), along with future climate 
projections and uncertainty. Values are normalized by means 
from 1961 to 1980. The given uncertainty range of 90% means 
that the temperature is estimated to be in that range, with a 
probability of 90%.



Understanding two kinds of uncertainties, and how they are depicted
Zhang, S., Heck, P. R., Meyer, M. N., Chabris, C. F., Goldstein, D. G., & Hofman, J. M. (2023). An illusion of predictability in scientific resultsௗ: Even experts 

confuse inferential uncertainty and outcome variability. Proceedings of the National Academy of Sciences, 120(33), e2302491120.

Error bars can mean two different things:
- The standard error reflects the spread of the underlying data

- It does not vary with the number of measures
- The standard error of the mean is an estimate of the inferential 

uncertainty : how sure are we about its value?
- It gets smaller with the number of measures

Most graphs use the standard error of the mean, but not all !

“The pervasive focus on inferential uncertainty in scientific data 
visualizations can mislead even experts about the size and importance 
of scientific findings, leaving them with the impression that effects are 
larger than they actually are” (“illusion of predictability”).

Solution? “When possible, visually display both outcome variability and 
inferential uncertainty by plotting individual data points alongside 
statistical estimates”



Wallsten, T. S., & Budescu, D. V. (1995). A review of human linguistic 
probability processingௗ: General principles and empirical evidence. 
The Knowledge Engineering Review, 10(1), 43-62. 
https://doi.org/10.1017/S0269888900007256
Wallsten, T. S., Budescu, D. V., Rapoport, A., Zwick, R., & Forsyth, B. 
(1986). Measuring the vague meanings of probability terms. 
Journal of Experimental Psychology: General, 115(4), 348.
https://blog.revolutionanalytics.com/2017/08/probably-more-
probably-than-probable.html

Not only graphics, but also 
the words we use should be carefully selected.



We are all vulnerable to 
misinterpretation of graphics

An antidote:
https://flowingdata.com/projects/dishonest-charts/



The influence of non-graphic evidence and priors
Hermer, E., Irwin, A. A., Roche, D. G., & Dakin, R. (2023). How prior and p-value heuristics 
are used when interpreting data (p. 2023.09.03.556128). bioRxiv. 
https://doi.org/10.1101/2023.09.03.556128

623 researchers in biology 
were asked to interpret 
scatterplots that showed 34 
ambiguous relationships 
(p~0.07-0.11, r~0.24-0.29), 
while only the labels on the 
graphics were changed.

Here are the proportion of 
participants who responded 
« no relation », « weak 
relation » or « strong 
relation ». 
The prior influenced the less-
experienced researchers.
The presence of a p-value 
influenced everyone !



Experts in finance believe a company performs better if they see a graphic with a steeper slope 
Beattie, V., & Jones, M. J. (2002). Measurement distortion of graphs in corporate reports: an experimental study. Accounting, 

Auditing & Accountability Journal, 15(4), 546-564.

Increasing the slope parameter (by stretching the y axis) makes 
even finance experts believe that the progression of a variable 
over time is more impressive than that in graphs with a smaller 
slope parameter.

Conclusion :

It is crucial to teach students 
how to read graphics:
- Scrutinize the legend
- Examine the scale
- Evaluate the proportions
- Do not jump to 

conclusions!



Dès le CP: 

« Collecter des données et présenter ces 
données sous forme d’un tableau ou d’un diagramme 
en barres. »

« Construire et compléter un tableau à double entrée.  

Au CE1: 

« Produire un tableau ou un diagramme en barres pour 
présenter des données recueillies. Lire et interpréter les 
données d’un diagramme en barres. Lire et interpréter 
les données d’un tableau à double entrée. 

Au CE2: 

on ajoute « Résoudre des problèmes en utilisant les 
données d’un tableau à double entrée ou d’un 
diagramme en barre. »

L’élève sait traiter un exercice de même type que le suivant : Les 175 élèves de 
l’école Poséidon habitent dans quatre villes différentes : Alphaville, Bêtaville, 
Gammaville et Deltaville. Compléter le graphique suivant avec la barre 
correspondant aux élèves de Deltaville. 

Les nouveaux programmes insistent bien sur les graphiques



Les nouveaux programmes insistent bien sur les graphiques
Au CM1: presque la même chose, mais quelques 
éléments nouveaux sont introduits de façon très 
discrète:
« Recueillir des données et produire un tableau, un 
diagramme en barres ou un ensemble de points dans un 
repère pour les présenter. − Lire et interpréter les 
données d’un tableau à simple ou double entrée, d’un 
diagramme en barres ou d’une courbe. 
-Résoudre des problèmes en une ou plusieurs étapes en 
utilisant les données d’un tableau à simple ou double 
entrée, d’un diagramme en barres ou d’une courbe.
Au CM2: on ajoute les diagrammes circulaires…
Les attendus sont clairs et bien plus progressifs et 

spécifiques que les programmes précédents
Bonne focalisation sur la résolution de problèmes
Mais les étapes cognitives ne sont pas spécifiées, ni 

leur enseignement explicite.
Une première indication de l'enseignement actuel des 
graphiques en primaire : quelles sont les opportunités 
d'apprentissage offertes par les manuels sur lesquels les 
enseignants peuvent s'appuyer ? 

L’élève sait répondre à des questions comme les suivantes en utilisant le graphique 
ci-dessous : - Quelle a été la hauteur des précipitations à Paris en juillet 2023 ? - En 
2023, quels sont les mois pendant lesquels la hauteur des précipitations a été 
inférieure à 10 mm à Marseille ? - En 2023, pendant quel mois a-t-il plu le plus à 
Marseille ? - En 2023, quels sont les mois où il a plus plu à Dzaoudzi qu’à Paris ? 

Il y a 11 filles dans la classe 
CM1C. En utilisant le 
graphique ci-contre, 
trouve le nombre de 
garçons qu’il y a dans la 
classe CM1C. 



Quelle est la place des graphiques 
au sein des manuels scolaires 

de primaire ?

Une analyse des manuels 
de mathématiques 

en CE2, CM1 et CM2. 
Syalie Liu & Lorenzo Ciccione

NeuroSpin (CEA-INSERM-Univ. Paris-Saclay)



• Travail de recensement systématique des graphiques dans plusieurs manuels 
de CE2, CM1 et CM2

• Analyse comparée d'un échantillon de 12 manuels au total :
o 5 au CE2 
o 5 au CM1
o 2 au CM2 

• Documentation scolaire complémentaire : guide pédagogique de l'enseignant, 
fichier de l'élève, mémo ou « Dico-maths » de l'élève

Méthodologie



Méthodologie
CM2CM1CE2

Cap Maths (2021)

J'apprends les maths 
(2017)

Cap Maths (2020)Cap Maths (2021)

La Méthode de Singapour 
(2017)

La Méthode de Singapour 
(2018)

J'apprends les maths 
(2016)

J'apprends les maths 
(2016)

À portée de maths (2018)À portée de maths (2018)

Réussir en maths avec 
Montessori et la pédagogie 

de Singapour (2019)

Pour comprendre les 
mathématiques (2016)

D'après une pré-enquête sur l'Académie de Paris (MENJS, 2019), l'échantillon représente 55.8 % des 
manuels utilisés en CE2, 41.4 % en CM1 et 30.8 % en CM2 dans l'Académie de Paris. Les manuels les 
plus utilisés par niveau sont représentés en gras (Top 5).
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cartésien
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vertical
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simple

Cap Maths

La Méthode de 
Singapour

J'apprends les 
maths

Aucune séance avec des graphiques.

À portée de 
maths

Réussir en maths 
avec Montessori et 

la pédagogie de 
Singapour

Types de graphiques rencontrés dans chaque manuel de l'échantillon en CM1

Les différents types de graphiques ne sont pas encore 
systématiquement introduits dans tous les manuels

Cap Maths CM1, 
2020, Ed. Hatier (p. 58)



Cap Maths CM1, 2020, Ed. Hatier (p. 139)

+7 +8 +9 +8+7

Une syntaxe graphique plus ou moins rigoureuse…

Pas si mal, mais… 
- l'axe des x ne présente pas 
une progression linéaire en 
fonction du temps : 
différents intervalles de 
temps sont représentés par 
le même intervalle !
- L’information donnée en 
légende ne figure pas sur le 
graphique!



Cap Maths CM1,  
2020, Ed. Hatier (p. 59)

Cap Maths CM2,  
2021, Ed. Hatier (p. 129)

- L’axe des y n’est pas étiqueté !
- le problème ne peut pas être résolu de façon 
simple à partir du graphique
- Reconstituer l’axe des y est un problème tout 
à fait inhabituel!



Certains manuels font beaucoup mieux… 
mais nécessité d’un enseignement explicite des graphiques

À portée de maths CE2, 2018, Ed. Hachette (p. 134)Guide pédagogique À portée de maths 
CE2, 2018, Ed. Hachette (p. 132)

Un exemple de manuel qui associe 
syntaxe rigoureuse et enseignement qui 
porte sur l'ensemble des éléments d'un 
graphique 

Mais dans une leçon isolée, sans 
pédagogie d’ensemble



L’enseignement explicite des graphiques semble trop rare

Guide pédagogique Pour comprendre les 
mathématiques CE2, 2016, Ed. Hachette (p. 102)

Guide pédagogique Cap Maths CM1, 
2020, Ed. Hatier (p. 145)

 Les élèves rencontrent pour la 1e

fois ces graphiques et se 
retrouvent très rapidement seuls 
face au problème, sans être 
véritablement guidés par 
l'enseignant

 L'intervention de l'enseignant 
semble tardive et passe surtout 
par la correction collective d'un 
exercice particulier (discussion ou 
mise en débat) : qu'en ressort-il 
pour les élèves ? 

Les manuels proposent tous des séquences d'apprentissage du type (1) mise en situation avec une activité de recherche
collective (2) application autonome sur des exercices d'application et d'approfondissement.

 Un modèle d'apprentissage proche des « pédagogies de la découverte » qui n'implique pas toujours de temps de 
formalisation et d'enseignement explicite des graphiques



Manuel La Méthode de 
Singapour CE2, 2018, 
Ed. La Librairie des 
écoles (p. 50)

Guide pédagogique La Méthode de Singapour 
CE2, 2018, Ed. La Librairie des écoles (p. 64)

Un exemple de manuel 
qui se revendique d'une 
pédagogie explicite 

 L'entrée dans la 
graphicacie est davantage 
progressive et guidée par 
l'enseignant

Certains manuels pratiquent un enseignement plus explicite



Conclusions : Les graphiques sont maintenant bien ancrés dans les programmes, 
mais pas suffisamment dans les manuels.

Le présent cours permet de proposer quelques étapes clés au premier degré:

Compréhension des échelles de mesure :
Notion de ligne numérique, échelle linéaire (et non logarithmique)
Interpolation, ordre de grandeur
Unités de mesure

Extraction des données individuelles d’un graphique
Compréhension qu’un point donné indique des mesures, possède des coordonnées
Extraction d’une valeur x à partir de y (ou vice-versa)
Utilisation de la légende pour accéder aux données et répondre à une question
Extraction du minimum ou du maximum

Compréhension des tendances: 
Progression d’une variable : croissante, décroissante, oscillante, accélérée…

Équivalence d’un tableau avec un graphique. 
Association d’un tableau avec un graphique correspondant. 
Capacité de construire un graphique à partir d’une table, et inversement

Équivalence d’un graphique avec un autre graphique. 
Par exemple, un nuage de points et un diagramme en barres.

Compréhension d’aspects élémentaires des statistiques: 
Moyenne et dispersion des données Pour comprendre les mathématiques 

CE2, 2016, Ed. Hachette (p. 65)




