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Context 
French national curriculum has been deeply renewed since September 2016. Not only the 
teaching contents but also the organization of the school, from nursery school to K9, are 
concerned by the new reform, with a focus on interdisciplinary in the content and in the 
organization of the classes. 
The mandatory education, from age 6 to age 16, are organized in 3 cycles of 3 years each: 
● the aim of the second cycle (K1 to K3) is to make students construct the fundamental 

knowledge and competences; 
● the aim of the third cycle (K4 to K6) is to consolidate the knowledge and competences in 

order to guarantee that each student is mastering the basic knowledge and competences; 
● the aim of the fourth cycle (K7 to K9) is to deepen the previous learning in order to acquire 

knowledge and competences necessary to any French citizen; but also to make each 
student able to pursue studies and lifelong personal development. 

The first cycle concerns nursery education, which is not mandatory in France, even if more than 
95% of the 3 year-old pupils attend school. 
The specificity of the new third cycle is to straddle the primary school and the lower secondary 
school (college in French), meaning that achievements in learning must be evaluated over the 
three years, in continuity between the two last years of primary school and the first year of low-
secondary school. 
 
The detailed French new curriculum which has been released in november 2015 and has to be 
implemented since september 2016, can be download here: 
http://www.education.gouv.fr/cid95812/au-bo-special-du-26-novembre-2015-programmes-d-
enseignement-de-l-ecole-elementaire-et-du-college.html 
 
Intention of the curriculum 
French curriculum is organized into two different frameworks, one focusing on the competences 
− the common core of knowledge and skills −, defining seven main key domains of 
competences and another focusing on subject matter to be taught, among which sciences and 
mathematics – the “program”. Teachers are supposed to organize teaching of each subject 
matter in order to make pupils develop the competences of the common core as well as each 
precise piece of knowledge defined by the program. The aim is to organize the teaching in a 
more coherent way, in which each subject matter, with its specificities, contributes to the 
development of students’ competences. Moreover, an explicit organization of interdisciplinary 
projects and interventions of teachers is scheduled in the agenda of the students. Therefore, it 
should favor a more integrated teaching of STEM, beyond subject matters divisions and toward 
more interdisciplinarity. 
Another specificity of this curriculum is the introduction of computer science as a new teaching 
topic. 
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The common core of knowledge and skills is divided into five main domains of competences, for 
which sciences, mathematics and technology contribute: 

1. Languages to think and communicate: above the necessary development of the 
French language as a tool to understand and express the world, mathematics, 
computer science and sciences are also considered as providing languages that are 
useful to solve problems, to generalize solutions, to deal with data, to read and 
communicate results, to represent experiences, objects and phenomena... Therefore 
the “common core” encourages teachers to consider that mathematics and sciences 
are providing a language that every subject matter may contribute to construct and 
use. 

2. Methods and tools to learn: using numerical tool and collaborating between students 
to drive a project are competencies that may be developed in every subject matter, 
especially in sciences and mathematics. Dealing with sources of information, 
questioning their relevance and validity, mastering digital environment to edit image, 
text, sound… are also the purpose of every subject matter. Moreover, using CAS, 
numerical data and computing software are specific to mathematics. Computer science 
taught in mathematics and technology allows to deepen the use of digital tools. 

3. Development of personal identity and citizenship: the whole teaching content must 
contribute to the development of self-confidence and mutual respect. Mathematics and 
sciences contribute to the development of judgment, critical thinking and truth seeking, 
through the notions of argumentation and proof. 

4. Natural and technical systems: observing the real world, in sciences but also in 
sport, art or media for instance, raises questions as well as the necessity to look for 
responses. Sciences, technology and mathematics treat those questions by providing 
powerful models and systems of representation. It provides fundamental tools to 
understand, to increase awareness and adopt a responsible behavior in the fields of 
environment, health and technological growth. In mathematics, knowledge about 
numbers, magnitudes and measurement of time and space, scales and proportionality, 
algorithms etc. are keys to understand the world and solve problems with different 
methods, including trial and errors, conjectures and validation. STEM is a major 
contributor to the development of competences of this domain. 

5. Representations of the world and human activity: the objective is to make students 
build a personal and shared culture, also in STEM, by understanding the relationships 
between sciences, technology and societies. Their scientific and technological culture 
will help them to measure the effect and the sustainability of innovations. 

 
STEM and teaching algorithms and programming 
This new teaching doesn’t aim at training specialists of computer science, but aims at giving 
students decoding keys in order to understand the evolution of the digital world. It aims at 
acquiring competences and methods allowing to build an algorithmic thinking. The mastering of 
programming language is not an objective of this teaching, but their practices is a mean to 
discover methods and inquiry approaches as well as modelling and simulation skills. 
 
Two approaches of computer science are rooted in two different epistemologies: a theoretical 
point of view rooted in mathematics epistemology (the idea of a computer instead of the 
computer as an artifact a legacy of Türing’s thinking) ; the modeling and abstraction coming 
from experimental sciences with semiotic approaches relatively to the translation but also 
conception of systems rooted in the engineering facet. As a consequence, the two different 
approaches are present in the curriculum, in the teaching of mathematics as well as in the 
teaching of technology: 
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● one more on the understanding of algorithms and their translation into a programming 
language (in fact most of the time Scratch or any other visual programming language). 
This teaching aims at developing the following competences: 
○ analysing a complex problem and being able to split it up into sub problems, 
○ pattern recognition, 
○ generalisation and abstraction leading to structured and reusable instructions, 
○ elaboration of algorithms using fundamental concepts of algorithmics as event-based 

programming, parallelism,... 
● the other more on the possibilities of connecting objects (robot, connected objects,...) 

This teaching aims at using technological tools in two complementary directions: 
○ study of technological systems aiming at understanding how a technological system is 

able to communicate with its environment, 
○ data coding that makes easier to search the data, to make comparisons and to identify 

any patterns that require further investigation. 
Following the interdisciplinary aim of the curriculum, these two approaches taught in two topics 
can meet in institutional time: two teachers working together on a single object of knowledge 
and bringing his/her own viewpoint. This constitute a transposition in school of a specificity of 
computer science, a “[...] multifaceted field that encompasses scientific and engineering aspects 
which are manifested in algorithmic problem-solving processes, for which computational 
thinking skills and sometimes also artistic and creative thinking are required” (Hazan & al., 2014 
p. 24). This transposition is based on the particular competences promoted in the two 
disciplines. 
In mathematics, the same six competencies, searching, modelling, representing, reasoning, 
calculating and communicating, are detailed for each cycle. Example for cycle 3: 
● Searching. Solving problems by picking and organizing necessary informations from 

various supports: texts, tables, diagrams, graphics, drawings, sketches, etc. Being involved 
in a process, observing, questioning, manipulating, experimenting, raising hypothesis by 
using tools and already known mathematical procedures, by developing a reasoning 
adapted to a new situation.Testing and trying several solving paths. (Links with domain 
“Methods and tools to learn” and domain “Natural and technical systems”). 

● Modelling. Using mathematics to solve some problems of the everyday life. Recognizing 
and distinguishing problems belonging to additive situations, multiplicative situations, 
proportionality. Recognizing real situations that can be modelized by geometrical relations 
(alignment, parallelism, perpendicularity, symetrie). Using geometrical properties to 
recognize objects. (Links with domain “Languages to think and communicate”, domain 
“Methods and tools to learn” and domain “Natural and technical systems”). 

● Representing. Using tools to represent a problem: drawings, sketches, diagrams, 
graphics, expressions with parentheses,... Creating and using diverse representations of 
simple fractions and decimal numbers. Analysing a plane figure under different aspects 
(surface, outline, lignes and points). Recognising and using the first elements of code of a 
plane figure or a solid. Using and creating representations of solids and spatial situations. 
(Links with domain “Languages to think and communicate” and domain “Representations of 
the world and human activity”). 

● Reasoning. Solving problems requiring to organize multiple dates or the elaboration of a 
process that combine steps of reasoning. In geometry, smoothly going from perception to a 
control by instruments to start reasoning only on properties of figures and relation between 
the objects. Evolving in a collective investigation by taking into account the others’ points of 
views. (Links with domain “Methods and tools to learn”, domain “Development of personal 
identity and citizenship” and domain “Natural and technical systems”). 

● Calculating: Calculating with decimal numbers, exactly a approximately, by using 
appropriate strategies and techniques (mentally, on a line or with computing algorithms). 
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Controlling the plausibility of own results. Using a calculator to find or check a result. (Links 
with domain “Natural and technical systems”). 

● Communicating: using progressively an appropriate language and/or adapted notations in 
order to describe a situation or set out an argumentation. Explaining his/her own approach 
or reasoning, understanding others explanations and arguing 
 

In technology, the competencies appearing in cycle 4: 
● practicing scientific and technologic inquiries: formulating scientific question, posing 

hypothesis in order to solve a problem, elaborating experiences, using observation tools, 
interpreting results and drawing a conclusion, communicating both results and process, 
identifying and choosing adapted notions or models in order to enter a scientific process. 

● designing and creating: being able to draw an experimental protocol. 
● appropriating tools and methods: identifying and organising tools and techniques in order to 

keep a memory of research (orally or with paper and pencil). 
● using languages: describing, using adapted tools and languages, the structure and the 

behaviour of objects. Applying the basic principles of algorithms and codes in order to solve 
problems. 

● using digital tools: simulation of the behaviour and structure of objects, organizing and 
storing numerical data, reading, using and producing representations of digital objects, 
driving a connected system locally or remotely, modifying or parametrizing a connected 
object. 

● adopting an ethic and responsible behaviour: improving good practices regarding 
connected objects and analysing environmental impact of an object and its components. 

● self positioning in space and time: bringing together objects of a same family, linking 
technological developments to inventions and innovations that mark breaks in technical 
solutions. 

 
Examples in the curriculum 
We present below two examples extracted from institutional documentations, published by the 
educational council to illustrate the new program and support its implementation by teachers. 
 
Solving problem with proportionality – Cycle 3 
Solving problems of proportionality is a way to construct knowledge and develop competences in 
every domain of the common core. For instance, the necessity of verbalizing the procedures, like 
“taking the double, the triple... of a magnitude” helps to enlarge the lexicon and to deepen the 
understanding of mathematical notions. The study of the relationship between the two magnitudes 
involved in a proportionality problem needs efficiency in computing and the use of decimal 
numbers and fractions. Problems of real life, like prices, costs and reduction or augmentation and 
many problems of natural systems or technological systems can be modeled and solved with 
proportionality. 
During the three years of the cycle 3, the notion of proportionality will be introduced through 
problems that can be written on the following models linked with different mathematical domains: 
Number and calculation: 

step 1: 8 times 10 equals 80 and 8 times 3 equals 24. As 13 is 10 plus 3, 8 times 13 is 80 plus 
24. 
step 2: 7 times 13 equals 91. As 35 is the quintuple of 7, 35 times 13 is the quintuple of 91, 
that is to say 455. 

Length and measurement: 
step 1: 5 kg of potatoes cost 6.4€ and 3kg costs 3.84€. As 5kg minus 3kg is 2kg, we deduce 
that 2kg of potatoes cost 6.40€ minus 3.84€ that is to say 2.56€ 
step 2: 500 sheets of paper is 3.5cm high. What is the thickness of one sheet? 

Space and Geometry 
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step 1: situation of enlargement of a geometrical figure: rectangle, triangle... 
step 2: situation of enlargement of a puzzle. 
step 3: use of a map scale to determine the distance between two towns. 

 
But the proportionality is present in numerous other school topics: geography, sciences and 
technology, sport, etc. as well as in real life situation (cooking, measuring,etc.). Teachers has to 
choose proportionality situations  in the different domains and to teach students how to mobilize 
different procedures that can solve the different kinds of problems. In the same time and in order 
to make sense, situations which are not relevant to proportionality must also be exploited. 
Typically: if I measure 1m when I am 10 years old, I can measure 2m when I'll be 20 years old 
but surely not 4m at 40! 
Proportionality table has not to be taught in itself but as a tool among others to solve 
proportionality problems. 
 
Algorithms and programming – Cycle 4 
We present here an example coming from institutional educational support for teaching 
computer science in mathematics. The initial maths problem is the following: 
 

Four coins are lined up on a table. Clicking a coin flips it but flips also the coin on the right. 
Starting from Heads, Tails, Heads, Tails, how many clicks brings all coins on the same side? 

 
In term of algorithm, this activity aims at working the following notions: conditional instructions, 
use of a variable, use of a list, event-based programming, parallelism, exchange of information 
between objects. It is also possible to generalize and simulate the problem with more than four 
coins and ask a more general problem: starting with n coins, is it always possible to bring them 
on the same side? 
 
These two examples give an idea of the spirit of this new curriculum, the first showing how the 
mathematics skills can take profit of other topics to be taught and the second, despite the new 
topic, shows the preponderance of problem solving skills that have to be developed over years 
until the end of the French college. 
 
Technology and computer science 
Computer science can be seen both as a tool to teach and learn mathematics and as a body of 
knowledge to be learnt, in the courses of mathematics or technology. In both cases, digital tools 
are involved. Their role and place has to be questioned. 
In this section, we develop two examples coming from our work, within research projects about 
mathematics education and computer science culture: 

● OCINAEE Connected objects and Digital Interfaces for Learning at Primary School and 
problem solving in mathematics; 

● Unplugged computer sciences 
The issue of assessment in the STEM education is also developed under the scope of formative 
assessment relatively to the European FaSMEd project. 
 
OCINAEE, a robot in mathematical games for primary school 
The OCINAEE project  – Connected Objects and Digital Interfaces for Learning at Primary 
School – aims to explore and design mathematics learning situations with a system of 
connected objects. The OCINAEE system is a set of interacting devices either tangible, like 
cards or dice, or digital, like tablets and smartphones. Connection between the two classes of 
objects is actuated by a mobile robot that can read physical elements such as cards or any 
printed material. The robot itself has properties of both worlds, the tangible one and the digital 
one. Like any concrete manipulative, it is an artifact with mechanical and physical properties, 
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mainly through its movements. However, it is also a digital artefact because its behavior results 
from instructions given by a digital environment either automatically generated or piloted by a 
user. 
Four different games have been designed with the OCINAEE environment, addressing some 
main mathematical content for primary school like place value or addition of integers and 
decimal numbers and spatial knowledge and coding the positions and trajectories of a robot in a 
plane. The games have been designed to create problem solving situations. 
We are currently trying to define the different kinds of actions and feedback either, tangible or 
digital, that such a complex environment should offer to support the students problem solving. 
For each possibility of action and feedback, designers have to choose between tangible or 
digital.  
 

 
Figure 1. Some of the connected objects of OCINAEE project in scenario “the target number”: 
moving robot, smartphone displaying the target number 12, game board and sets of cards. 
 
For instance, in a game named “the target number”, students have to choose 3 numbers out of 
6 whose sum is the target number. In the current OCINAEE version, the target number is 
displayed on a smartphone and the numbers to be added are printed on cards with their 
symbolic writing. Students have to present cards to the robot. Then the robot moves on a line 
toward the target and stops before or after the target according to the sum. It also announces if 
the number of presented cards is correct or not. To implement such scenario with OCINAEE 
devices, we had to create direct manipulation feedback but also choose whether it is to be 
produced by a concrete or virtual object. For instance, the movement of the robot on the board 
is a feedback in the concrete space that informs the students about their answer (too small or 
too big), telling them something about their solving strategy. Moreover, even though it is a rather 
simple kind of feedback, this simple movement of the robot mediates the notion of number line. 
This feedback is also an evaluation, since reaching the target point indicates success. Another 
example of feedback is the fact that the robot’s eyes flash each time a card is presented but 
then, no indication of the numbers of cards already presented is revealed. This choice results 
from a didactical analysis: students need to know that the system takes a card into account but 
they have to deal with the fact that the result is a sum of three terms. They have to control it and 
they can succeed if they manage the cards and separate the ones they have already presented 
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from the others. The tablet version of the scenario provides students’ with virtual 
representations of numbers. 
 

 
Figure 2. OCINAEE devices for the game “Journey in the plane” 
 
In the game named “Journey in the plane”, the students have to control the positions of the 
robot and of other elements on a plane. The plane is tangible, represented by a board that exist 
in two different versions: a squared plane and a virgin one. To drive the robot, students can 
choose between two ways to indicate the robot’s direction: an absolute piloting device, that 
refers to the plane orientation (four different instructions, each being one step toward one of the 
four sides of the board), and a relative piloting device, that refers to the robot orientation (three 
different instructions, one step forward, turn to the right, turn to the left). It generates two ways 
to code the robot’s trajectories and asks the students’ to build relationship between the 
orientation of each devices (tablets, robot, board), even the board itself when it is virgin and the 
trajectory code. Therefore, the OCINAEE environment enables to design learning situations that 
combine knowledge related to spatial orientation and first element of coding. It provides an 
environment in which the model of a squared plane is a relevant tool to solve the problem of 
controlling the position and the trajectories of a robot. 
 
New subject: computer science as a school subject 
Unplugged computer science can be an opportunity to introduce an algorithm thinking without 
using computers. But it is also, at different levels, a way to make students think about algorithm, 
aside from any language constraint. The following example is in that sense typical of a reflexion 
about strategic games (or impartial game) where a player can always win. Starting from a 
chocolate bar whose one of the square is poisoned, and eating successively rows or columns, 
the loser will be the player that get the last poisoned square (fig. 3). 
Students play the game and try to highlight a general algorithm allowing to win that is afterwards 
explained and institutionalized. The computer science principles that are illustrated by the game 
are linked to the graph theory and the concept of graph-kernel that can be extended to 
combinatorics problems. But also, it shows the possibility to solve a game using an algorithm that 
can be implemented in a machine. 
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Figure.3. A dangerous chocolate bar 
The aims of such activity is to increase the scientific awareness and to arouse intellectual interest 
to better understand the scientific approach and to provide a new outlook on why computer 
science is a science. With younger students, it is also possible to introduce the concept of 
algorithm using robots that can be programmed in a logo-way. Building activities with this kind of 
robots leans to think about mathematical concepts of space and of spatialization both with 
computer science concept of program. 
 
FaSMEd, formative assessment in STEM 
The aim of the FaSMEd (Formative Assessment for Sciences and Mathematics Education) project 
has been to investigate the role of technology in the formative assessment strategies for raising 
the attainment levels of low-achieving students in particular. For formative assessment we mean 
a method of teaching where: 
“[…] evidence about student achievement is elicited, interpreted, and used by teachers, learners, 
or their peers, to make decisions about the next steps in instruction that are likely to be better, or 
better founded, than the decisions they would have taken in the absence of the evidence that was 
elicited.” (Black & Wiliam, 2009, p. 7) 
We lean on the hypothesis that a technological environment can potentially support both the 
students and the teachers in getting and processing information about students’ achievement in 
real-time. In particular, technologies that enhance connectivity and feedback can support the 
communication between teacher and students in such a way that students’ productions can be 
collected, shown and shared in the classroom, and stored for further analysis and intervention. 
Students can inform their learning trajectories and teachers can make more timely formative 
interpretations and inform their future teaching. The way in which students and teachers can send 
and receive information deeply change. This form of assessment is really a starting point of any 
reflexion about assessment in STEM education. The objective of the project that was to develop 
sustainable teaching practices, that improve attainment in mathematics and sciences in a 
perspective of assessing for learning, brings us to outcomes that reveal educational opportunities 
for STEM education. 
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Conclusion 
The main principles of this reform are presented by the institution with a will to renewal and 
inclusive pedagogy. The results of the evaluation latest Pisa and the need to change teaching 
practices including more technology are present in this process. Opponents of reform argue that 
disciplinary knowledge risk losing the weight against the educational organization. This year will 
certainly bring some interesting feedback that might appear as a productive research field and as 
an evaluation of this new curriculum. 
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