
 
 
 
 
 

ADVISORY REPORT 
ON THE PLACE OF ARITHMETIC IN PRIMARY EDUCATION 

adopted by the Comité secret on 9 January 2007  
 
In his letter of 14 December 2006, the Minister for Education, Higher Education and Research 
wrote to the President of the Academie des sciences to request the latter to provide him with an 
analysis, which would enable him 'to  issue guidelines for the teaching of mathematics in primary 
schools'. The Minister stressed that it is 'essential to assess the intellectual development of children 
based on their performance in arithmeti…', this '…requires  immediate recommendations, and also 
longer term consideration of important subjects raised by such an approach, such as the role of 
memory in learning… '.  
 
In response to the Minister's reference for an opinion, made in accordance with the framework 
convention signed between the Ministry and the Academie des sciences, the Academie's Executive 
Committee formed a small working group comprising S. Dehaene, J.-P. Demailly, J.-P. Kahane, P. 
Léna, Y. Meyer and J.-C. Yoccoz, to prepare the following text, which was submitted to the Comité 
secret on Tuesday 9 January 2007, and  adopted almost unanimously. The short timescale only 
allowed for very general observations, and it was not possible to go into details of the common 
approach or its transposition into teaching programmes. These initial conclusions of the Academy 
will be delivered to the Minister at the sitting of  23 January.   
 

*** 
 



 
Summary 

 
1. The desired improvement in performance in arithmetic on leaving the primary school requires 
significant but prudent measures, accompanied by deeper analyses and trials.  
 
2. Arithmetic should be taught in close contact with other subjects: French, natural sciences, 
geography, music and sport, so that it is related to concrete situations, which provide an 
indispensable complement to and support for the development of abstract capabilities.  
 
3. Its teaching, based on the arithmetic intuition which all young children have, requires both hard 
work and play. The inculcation of automatic thought processes is accompanied by new mental 
representations; it involves reflection and understanding. This automatisation can only be the 
ultimate and natural result of regular and well understood practice in arithmetic.  
 
4. The teaching of arithmetic should begin with simultaneous practice in counting and the four 
operations, with a gradation in complexity between the nursery classes and the end of the primary 
school, leading as far as decimal numbers and fractions.  
 
5. Arithmetic ability is developed in several forms, which are all pertinent, necessary and 
complementary: mental arithmetic, written set-piece arithmetic, approximate arithmetic, calculator 
arithmetic. The first of these, which is omnipresent in everyday life, develops the memory; the 
second, which is rich in further development, is important for the structuring of knowledge; the 
third is essential in the natural sciences and the manipulation of orders of magnitude; the fourth 
must be properly connected with the other forms. All these forms of arithmetic should be mastered 
by everyone.  
 
6. The teaching of arithmetic cannot be developed independently from that of geometry. The 
connections between geometry and arithmetic should be introduced at a very early stage, all the 
more so because they are not all immediate for children.  
 
7. The importance of proportionality in several disciplinary fields, and in particular in the natural 
sciences, requires a solid mastery of the rule of three on leaving the primary school, and thus some 
manipulation of fractions.  
 
8. All children are able do arithmetic in the same way that all children are able to swim. It is a 
matter of will, work and pleasure. Children like to play games are a natural source of calculations, 
sometimes naïve and subtle, and arithmetic itself can become a game. We should and we  can make 
it our ambition for all children to like arithmetic. .  
 
 
 



 
Advisory Report 

 
The Académie des sciences has good reason to be involved in this question, both because of the 
studies carried out by some of its members and their actions to promote high-quality scientific 
teaching in primary schools and because of the place of arithmetic in all scientific activities. Its 
reflection falls under the framework outlined by the Common approach to knowledge (decree of 11 
July 2006). It is based on a single fact: numerous consistent observations of both boys and girls 
leaving the collège at age 15 or 16, or the lycée at age 18, indicate an insufficient mastery of 
arithmetic, whose roots undoubtedly lie in the primary school.  
 
The following analysis submitted by the Académie des sciences is arranged under five headings: 
arithmetic is first considered according to its connections with the other subjects taught at school, 
and then with the cognitive sciences. It is then examined in more detail according to its different 
forms (mental arithmetic, set-piece arithmetic, approximate arithmetic, calculator arithmetic), then 
in its connections with geometry, and finally with games. In fact, performance in arithmetic, to 
which the request for an opinion refers, is essential for children and their development and needs to 
be researched in harmony and equilibrium with that in geometry, where arithmetic and geometry 
may correspond to different forms of intelligence in children. Moreover, although the request for an 
opinion is centred on the primary school, one should always be concerned about ensuring a 
seamless continuity between the primary and the secondary school. Finally, the analysis submitted, 
which is focussed on arithmetic and geometry, considers these topics from the point of view of the 
performance expected from all children, rather than from the angle of a mathematical education, 
which could be the subject of a separate analysis.    
 
The complexity of the question we are asked, and its transposition into programmes and instructions 
for school inspectors (IEN) and teachers, obliges us to be very prudent in the affirmation of our 
recommendations and conclusions. Indeed, it would be only too easy, in such situations, to solicit 
advice from experts extending beyond matters in which they competent or to provoke a serious lack 
of understanding among teachers. This is why, in formulating this advisory report, the Académie 
deemed it prudent to abstain from imperious direct recommendations, and urges that the 
observations made here should be corroborated by more detailed, possibly contradictory analyses, 
for which the Académie offers its full support. The changes recommended should then be carried 
out gradually, and be accompanied by trials in the field, with particular attention being paid to 
teacher training.  
 
1. Connections with other subjects  
Arithmetic has a close connection with all other subjects, and first and foremost with French (it is 
no coincidence that the French words compter (to count) and conter (to recount) are homonyms). 
Then there are the observational and experimental sciences (measurement, units, uncertainties), 
history and geography which are sources of numerical data to be compared and processed, and more 
generally everything which deals with quantities and measurements, up to and including music 
(rhythm and measurement) and sport (performance evaluation).  
 
In the past, there have been frequent recommendations to separate the study of numbers from that of 
quantities. This represents an impoverishment, and it is vital to encourage the systematic use of 
notation such as 2m+3m = 5m, rather than just 2+3 = 5, or again 5€ × 3 = 15€, 5m × 3m² = 15m³, 
8km:  5h = 1.6 km/h, .... The measurement of quantities, and first of all that of lengths, surface areas 
or volumes, leads naturally to quantitative assessments: this extends to durations, temperatures, 
populations, and to all that relates to observation and experimentation. The use of standard forms of 
representation, such as tables, graphs and scales, for quantities may provide the opportunity to 
reinforce order of magnitude comparisons and to prepare for the later use of cartesian coordinates.  
 
2. Cognitive foundations of arithmetic  
Research into cognitive psychology and neurosciences has shown that, with the exception of a small 



proportion of children suffering from dyscalculia of genetic or perinatal origin, all children have an 
arithmetic intuition at a very early age. From the first year of life, this intuition is manifest in the 
ability to evaluate continuous and discrete quantities, and in particular the exact (less than 3) or 
approximate (greater than 4) number of objects present in a collection. From that age, children are 
already able to perform elementary mental operations of comparison (`Which is the larger?'), and 
approximate addition and subtraction. This intuitive understanding of quantities is one of the 
ingredients underlying the later acquisition of the language of numbers, of counting, and of 
spontaneous arithmetic algorithms including in particular those based on counting on the fingers. It 
develops spontaneously, even in the absence of any education whatsoever. Thus, children arrive at 
school with a stock of intuition and skills which should not be neglected, or worse still fought 
against, by teachers, since they serve as a basis for an understanding of the purpose of arithmetic 
calculations.  
 
However, research has also shown that other aspects of arithmetic do not develop spontaneously 
and need to be learnt. For children, the decimal number notation and fractions are initially 
counterintuitive objects, which require the development of new mental representations. The link 
between numbers and space, and more generally the rapid linkage of different representations of 
numbers and quantities, are also developed through learning. Last but not least, the learning and the 
execution of exact arithmetic algorithms initially require a considerable effort on the part of the 
child, in terms of attention and memorisation, calling into play a vast network of parietal and frontal 
areas of the brain. The automation of arithmetic is accompanied by a massive decrease in the 
activation of the prefrontal cortex, corresponding to a freeing of mental resources for other tasks.  
 
3. Fundamental principles  of the teaching of arithmetic  
In the light of the above results, the teaching of arithmetic should have a double objective: first, it 
should provide children with a solid base of automatic operations in the field of arithmetic; second, 
it should constantly maintain the connection between these calculations and their quantitative 
meaning and the solution of concrete problems.  
 
The worst stumbling block to be avoided is the teaching of arithmetic formulae in detachment from 
all understanding. Indeed, cognitive research shows arithmetic calculation is often learnt 
superficially, with the child forming an imperfect or frankly erroneous image of the formula to be 
followed, without understanding its foundations. The objective of automating arithmetic should not 
be emphasised to the detriment of understanding: automation can only be the ultimate and natural 
result of regular and well understood practice in arithmetic. Priority should be given to the 
acquisition of solid and well understood arithmetic routines, and to a fluent passage from this 
formal arithmetic to intuition about the quantities being manipulated in this way.  
 
The teaching of arithmetic should begin with simultaneous practice of counting and elementary 
operations. The meaning of the operations is better learnt when they are performed on `specific 
numbers' (number of apples, for example) and on `abstract numbers' (number of times) at the same 
time. This approach allows one to make an immediate connection with tangible real quantities and 
to put across in a quasi-visual manner the need to introduce non-integer quantities which will arise 
later.   
 
The meaning of the different operations can only be properly formed when these are introduced 
simultaneously, since students can then compare and distinguish their different uses. Everyone 
knows that the problem of sharing sweets comes up in the nursery school and constitutes training in 
division! Similarly, the teaching of counting should not be decoupled from that of the operations, if 
only because the ability to write down whole numbers already implies at least addition and 
multiplication, in the same way that the ability to write down decimal numbers implies division.    
 
These considerations plead the case for the earliest possible introduction of at least some practice in 
the four operations; recent trials in schools show that this is possible from ages 5-6 onwards for 
very small numbers. One objective of the teaching of arithmetic will be to put across arithmetic 



techniques progressively, gradually extending the size and complexity of the numbers involved, as 
for example with the passage from integers to decimals and to fractions.  
 
4. Diverse forms in which arithmetic may be taught  
There are several approaches to arithmetic capability, all of which are pertinent, necessary and 
complementary. Here we shall go into greater detail on the connection between mental arithmetic, 
set-piece arithmetic and calculator arithmetic and the relationship between exact arithmetic and 
approximate arithmetic.  

a) Mental arithmetic. Mental arithmetic provides the opportunity to set in operation a 
number of specific mental circuits, in relation to the development of the memory. It is also vital in 
all of our everyday lives, being one of the fundamental tools of thought, and a source of critical 
thinking and autonomy  
It needs to be nourished by a fluent knowledge of addition, subtraction and multiplication tables, the 
notion of odd and even, and powers of ten, and should be continuously exercised on simple 
questions, emanating from other fields of knowledge, since memory and the mental functions are 
only active and effective when they are maintained.  

b) Set-piece arithmetic. While mental arithmetic is the kind which predominates from the 
earliest ages of childhood and throughout adult life, written set-piece arithmetic is the richest in 
subsequent mathematical developments, in more elaborate forms, such as, polynomial arithmetic in 
secondary schools. Its importance also accrues from the fact that it consists of written work, whose 
role is fundamental in the structuring and fixation of knowledge. The objective of set-piece 
arithmetic in primary schools should be the complete mastery of written arithmetic algorithms in 
several numbers, accompanied by an understanding of their meaning, for the four arithmetic 
operations. It is also desirable to introduce the `powers of ten' notation, which is used in the natural 
sciences in particular. There are choices to be made, since operations may be written down in 
different ways in different countries. It would seem sensible that the programmes should fix these 
choices in a conventional manner, for example for the carrying of digits or the writing down of 
divisions, in order to avoid a broad spread of notation. There is also a need for precise vocabulary to 
be taught exactly and for knowledge of this vocabulary to be a requirement: relevant terms include 
addition, sum, difference, multiplication factors, multiplicand, multiplier, product, dividend, 
divisor, quotient, residue, carry digit, decimal. The fundamental units and their subunits should be 
introduced when dealing with operations on quantities.  

c) Approximate arithmetic. The distinction between exact and approximate arithmetic will 
appear throughout the school career. Exact arithmetic begins with practice in counting and in the 
elementary operations; approximate arithmetic and that of orders of magnitude complement it. The 
estimation of orders of magnitude is associated with changes of scale, which play an increasing role 
in all disciplines. The teaching of the standard units provides the opportunity to bring in very large 
numbers, and also to introduce the notion of dimension. It is a good idea to manipulate squares and 
cubes as geometric objects before introducing them as operations on numbers. Attention must be 
paid to the vocabulary at this stage.   
The acquisition of the notion of decimal numbers, provides numerous possibilities for the use of 
approximation. The division operation which, as is well known, does not in general give an exact 
result, provides an introduction to decimal approximation by excess and by defect. The latter is 
widely used in measurements, and in particular those made in natural sciences or in sport.  
Approximate arithmetic permits rapid evaluations and efficient mental arithmetic. It involves 
playing with powers of 10. This makes it possible to predict and check the result of written set-
piece operations and those entrusted to calculators. It provides familiarity with the notion of 
rounding. In later studies, the notion of approximate arithmetic will be explained with recourse to 
analysis and probability: there should be no question of this in primary schools.  
Cognitive research has shown that young children, prior to receiving any school education, possess 
skills in the approximation of quantities, addition and subtraction. Form the age of 5-6 onwards, 
they already possess an  intuition for magnitudes, sizes and prices, and know, for example, that 
35+16 is necessarily smaller than 92. This skill serves as a basis for the learning of certain aspects 
of arithmetic and is a good predictor of later scores in mathematics. The teaching of exact 



arithmetic should make use of this skill in approximation from the start. One might, for example, 
ask a child to check whether the order of magnitude of the result is correct, and whether or not he or 
she would have been able to find this result without performing the calculation, etc. These exercises 
moving backwards and forwards between formal manipulation of exact numbers and intuitive and 
approximative thinking about their meaning are essential to the objective of understanding the 
meaning and relevance of the operations.  
d) Calculator arithmetic. Calculators are now part of daily life; they have their place in the lives of 
children and, most certainly, in many classroom activities, especially in the natural sciences. They 
very soon become useful in secondary schools in these same sciences, which provide measurement 
results upon which elaborate calculations need to be performed. At a younger age, they may capture 
the imagination of children and invite them to explore the regularity of arithmetic by play. That 
being said, their use can never replace the learning of arithmetic. As far as young children are 
concerned, the recommendation is that they should be made to manipulate at an early age objects 
such as cubes, abacuses and boxes with their weight marked on them, which are useful in 
developing an understanding of numbers and of arithmetic.  
The linkage between calculator arithmetic, set-piece arithmetic and mental arithmetic is thus an 
important subject, to which proper thought is now being given and should continue to be given.    
 
5. Geometry and arithmetic 
In `learned' mathematics, there is a deep connection, dating back several thousand years, between 
geometry and arithmetic. The idea that numbers measure space and that geometrical thinking can be 
replaced by coordinate calculations continues to play a vital role in numerous branches of 
mathematics. Cognitive research also shows close connections between numerical and spatial 
representations, which call upon some of the same areas of the brain. These connections should 
therefore be introduced very early in   primary education, all the more so because they are not all 
immediate for children. Developmental psychology shows, for example, that children aged eight do 
not have the intuition to deduce a linear relationship between a numerical quantity and the space 
measured, but that this can be learnt from that age onwards by exercises in measurement and in 
determining the number-space correspondence using a ruler.  
 
The connection between geometry and arithmetic should be sought in drawing activities. The 
production of friezes, geometrical patterns (fabrics, nets, ...), sketches and geographical maps etc., 
can, and therefore should, lead to counting and measurement procedures, organised explicitly in the 
programmes. Certain aspects associated with drawing and with colouring can be broached from 
nursery classes onwards. Observational and experimentational activities in the sciences 
simultaneous call for a geometrised vision of space (areas, shadows, astronomical models, for 
example) and its discretisation into an arithmetic object (measurement of a position). Such toing 
and froing between arithmetic and geometry exercise the understanding and thus contribute to 
giving meaning to arithmetic algorithms which children too often tend to view as meaningless 
formal exercises.   
 
Geometry allows one to give airing to original forms of reasoning and arithmetic in a manner which 
is visual and rich in patterns. For example, measurement of lengths is one of the most natural ways 
of   accessing the notion of decimal numbers. Calculation of the area of rectangles is directly 
connected with multiplication and, furthermore, the multiplication of decimal numbers can be 
understood in framework of simultaneous changes of units of length and area. The derivation of the 
formulas for the areas of parallelograms, triangles and trapezia provides a special opportunity to 
introduce real non-trivial mathematical reasoning, based on the cutting up of geometrical figures.   
 
6. Calculation and arithmetic  
Following the introduction of whole numbers and operations on them, integer arithmetic looks at 
prime numbers and then at the prime factor decomposition of natural numbers, which is used in the 
search for the   least common denominator (LCD), in operations on fractions and in their reduction 
to the same denominator, where this is all knowledge which should be acquired from the teaching 



of arithmetic by the end of the primary school. One important point, associated with the 
manipulation of fractions, is the notion of proportionality, which is omnipresent in daily life and in 
the experimental sciences. Powerful pedagogical arguments indicate that this must be broached via 
the traditional rule of three, which allows one to introduce proportionality by relating it to concrete 
situations and problems. Questions of `direct' and `inverse' proportionality, which involve finding 
the last term of a proportion, represent a source of problems for the end of primary education, and 
are vital for the later understanding of many scientific and technical fields.  
 
7. Games and mathematics. Often, the only thing the general public remembers about 
mathematics is its supposedly daunting nature.  In this they forget that that games provide a major 
source of interesting mathematical considerations  (there is in fact a learned branch  of mathematics 
which goes by the name of game theory). At the elementary level, one might profitably use the 
geometric structure of chessboards, cobblestones and certain building block systems to address 
elementary combinatorial aspects (dominoes, parity...) and questions associated with proportional 
arithmetic.  
Research into development in cognitive psychology has shown demonstrated the importance of 
number games in the nursery school. Simple dice and trading games such as `Ludo' or `Pay Day' 
constitute a  first  approach  to numbers, to their  practical importance, and in particular to the 
establishing of the correspondence between  numbers  and space. A study in the USA has shown 
that use of games of this type with schoolchildren aged 5-6, within a well thought out educational 
curriculum, enabled children from deprived backgrounds, who initially achieved low scores in 
elementary arithmetic tests, to rise to a high level which was maintained in subsequent years. Thus, 
the early introduction of mathematical situations using games can help to reduce certain forms of 
social inequality. Through the interactions which they provoke, games contribute to the 
socialisation of children.   
Neither should we forget that the delight in and the challenge of mathematics are undoubtedly 
forged from the very first years of school onwards. The early use of games, drawings, constructions, 
problems and  inspiring mathematical brain-teasers attracts the interest of children and can motivate  
to the later  effort needed to  learn  mathematics at school.   
 
8. Conclusion  
This report has not gone into the details of measures to be taken, or reforms to be introduced. It 
marks out directions for reflection which must follow, to address points of view and 
experimentation that has already been performed or is yet to come. We should like to end on a 
resolutely optimistic note. All children can do arithmetic in the same way that all children can 
swim.  It is a matter of will, work and pleasure. Children like to play, games are a natural source of 
calculations, sometimes naïve and sometimes subtle, and arithmetic itself can become a game. We 
must have the ambition for all children to like arithmetic. There are many reasons to think that it is 
a pleasure for  pupils  and  teachers to work in a school  system which conforms with the  initial 
ambitions of the  founders of public education, a system which is being rethought to match the  
evolution and requirements of  modern-day society.  
 
 


