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Foreword

The following report on the teaching of computelesce was prepared by a working group of the
Académie des Sciencdsrench Academy of Sciences) within the scope tef Gomité sur
'enseignement des scien@@ommittee on Science Education). It was preseone@ March 2013 to
the Comité restreint de I’Académia select committee made up of members of the &ogdBureau,
delegates to sections of the Academy and membecsed| by the plenary assembly), and then, after
a favourable opinion by the latter, on 9 April 2ab3ts Comité secre{Secret Committee, a plenary
assembly of Academy members).

This report deals with the place of computer s@eincprimary and secondary education, as well as
teacher training. It also briefly evokes higher @ation (prep schools and universities), a subjeat t
would be worth developing further.

The working group is made up of Academy membersearchers and teachers: Serge Abiteboul
(Académie member, Inria), Jean-Pierre Archambalthe EPI association for public education &
computer science), Christine Balagué (Institut dé), Georges-Louis Baron (Université Paris
Descartes, Paris), Gérard Berry (Académie membatege de France), Gilles Dowek (Inria), Colin
de la Higuera (Société Informatique de France anddysité de Nantes), Maurice Nivat (Académy
member), Francoise Tort (Ecole Normale Supérie@eCdchan), Thierry Viéville (Inria). Gérard
Berry serves as president and Gilles Dowek as tsggre

We would like to thank Academy members Marie-Lisha@in (CNRS), Jean-Pierre Demailly
(Université Joseph-Fourier, Grenoble), Pierre Emaze(Observatoire de Paris), Jean-Pierre Kahane
(Université Paris-Sud), Pierre Léna (UniversitéisBiderot), Odile Macchi (CNRS) and Alain-
Jacques Valleron (Université Pierre-et-Marie-CuReyis), as well as Michele Artigue (Université
Paris-Diderot) and Jean-Pierre Raoult (UniversaésPEst), for their comments and contributions
regarding the preliminary versions of this reptiris important to note that an expert's contribati

to this report does not necessarily mean he oaghees with all of its conclusions.
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Summary

The considerable impact of computer science in rareasing number of fields in industry,
communications, leisure, culture, health, sciermee society in general is universally recognised.
We now speak of a "digital world" in the broadeshse, based on two powerful levers: computer
hardware and computer science.

Computer science

The development of digital applications is intimptéinked to progress in computer science,
which has become an autonomous field with its ovarysaof thinking and acting. While the
applications and digital objects evolve at a rg@de, computer science remains founded on
a stable and homogeneous set of concepts and kehgavle

Many of the most striking technological advanceganent years are the direct result of
computer science: search engines and processingas$§ive amounts of data, large-scale
networks, reliable computers built into objects, et

Due to the universal nature of its object, compat@ence interacts closely with almost every
other field of science. It is not only an auxiliary calculations, but also contributes new
ways of thinking.

Thecurrent Situation

Computer science is increasingly important in treation of wealth and jobs throughout the
world, whether directly in the computer industryiorfields that rely on it heavily such as
aeronautics, the car industry, and telecommunieatio

In the computing field, Europe and France in paféicare far behind, both conceptually and
industrially, compared to more dynamic countrieshsas the United States and certain Asian
nations. This situation is partially due to shonbtogs in the teaching of computer science,
which has been stagnating or limited to learning o use basic products. Teaching limited

in this manner cannot allow our country to shifbnfr a nation of consumers of what is

produced elsewhere to one that contributes toiageamorrow's world.

In France, awareness of the need for teaching ctanpuience as a scientific discipline is
growing. In 2012, a new Informatics and digital esaies optional teaching has been
introduced in the final science-oriented year afoselary school; il will be extended to all

other final years in 2014. The digital road mapspreed by the government in March 2013
insists on learning the uses and role of digitadliaptions in pedagogy, but also explicitly

cites the importance of teaching computer scieWe.can observe a similar awareness in
other European countries.

Circumstances are quite favourable for introduciegl education in computer science:
pressure from industry, which lacks personnel wiamputer science skills, natural attraction
of students for all things digital, which are nowrpof their everyday environment, the
possibility of creating applications in varied aattractive fields, excellent adaptation to
online learning, which is developing everywhere,d adevelopment of a clearer
understanding of what a curriculum should includéhis area with the help of researchers.



Teaching computer science

Teaching should address all citizens, so that taeyunderstand the mechanisms and thought
processes of the digital world that surrounds tlaeh on which they depend.

It should also address more thoroughly all thosstided to create, adapt or simply use
computer-related objects, in whatever field theykno.

Particular attention should be paid to making cor@psacience attractive to both genders as
the field remains mostly masculine.

Teaching should start at the primary level, throwyposure to the notions of computer
science and algorithms, made possible by highlyedaexamples like those used by the
programmelLa Main a la Pate Teaching should be further developed in middlel an
secondary school.

We can distinguish three main phases:

o0 Exposuremainly at the primary level, which can be donaicomplementary manner
by using computers or "unplugged” methods. Abundard high-quality teaching
materials are already available.

o0 Acquisition and autonomyshould start at the middle-school level and deepen
understanding of data structures and algorithmgiation to programming is a
mandatory phase that offers access to creativeteetiand therefore autonomy.

0 Advanced trainingshould mainly take place at the secondary-scheal] with in-
depth lessons on basic notions and the widestlgessinge of experiments.

Teacher training

Teacher training is a top priority. The governnmentad map proposes massive training of
teachers in the uses of digital technologies, tfaiils to specify anything in terms of training
in computer science. This project needs to be ddfand undertaken as soon as possible.

For primary school teacherprffesseurs des éco)esvho are destined to expose pupils to
computer science, training in concepts and basangkes should take on the form of a
dedicated module in newly created teachers' call@geoles Supérieures du Professorat et
de I'Educationor ESPE) .

For middle-and secondary-school teachers, the Aogdgrongly recommends qualifications
and recruitment methods aligned with those in ofl@@ondary-school disciplines, which are
also likely to evolve as the Academy has alreadgmenended.

All teachers should be trained in the impact of patar science on the evolutions of their
discipline: simulations in experimental sciences of databases in history and geography,
analyses of texts in literature, automated traiwsiaartistic creation, etc.



Recommendations

In all these recommendations the word computernseierefers to the concepts, science, and
techniques of computing, as explained in the ®ylart, and is therefore not limited to the simpde u
of hardware and software.

Deciding to teach computer science

The essential decision consists in implementingognamme in computer science from the primary
to the secondary-school level, oriented towardsetstdnding and mastering computer science, and
therefore going far beyond simple use of hardwark software. This implementation can no longer
be delayed.

To achieve this it would be best to proceed, fahgaoint, with an experiment on a sufficiently larg
scale and over a brief period, bolstered by saljghsrt and whose extension would be the object of a
multi-year strategy.

Programmes

Primary school:
* Include in primary school programmes an initiationthe concepts of computer science.
Starting at this level, combine plugged in and uggkd activities.

Middle school:
« Introduce real teaching in computer science thahas diluted in other scientific and
technical courses, but developed in cooperationatidn an interdisciplinary approach.

Secondary school:

* Propose mandatory computer science courses fonmiagi secondary-school students.

* Make computer science mandatory in the second imadl year of scientific programmes
without ruling out the option of more in-depth sjadisation in the final year.

* Propose optional computer science courses in thendeand final years of literary and
economic-social sciences programmes.

« Continue and develop courses in computer sciendlinvitechnical and professional
programmes.

» Examine the balance of hours in various disciplireegiired by the introduction of computer
science with, on the one hand, a specific timectonputer science and, on the other hand,
consideration of computer science content in odiegiplines and their programmes.

An inventive coordination of disciplines cannotlissed on this report alone. However, this must not
serve as an alibi for a new delay in introducinghpater science, which would constitute a major
handicap for our country and our overall educatisgatem.

Higher Education:

» For Classes Préparatoires aux Grandes Ecqlpsst-Baccalauréat preparatory classes), or
CPGE, increase the number of hours dedicated t@utanscience. The current volume of
two hours in the first year and one hour in theosdcyear is not sufficient to cover the
cultural and professional needs of students ireticéssses.

» Develop specific courses in computer science caifoir all students in Bachelor's and
Master's degree programmes, particularly for thiestined to become teachers.



Teacher training

* Include computer science in initial training of rpary school teachers and train current
teachers through aggressive professional developpregrammes so they can initiate their
students in this discipline.

* In middle school aim for specific courses in con@pgcience, led by teachers meeting skill
and diploma requirements as stringent as thosetli@r middle-school science programmes.

e In secondary schools, recruit teachers in compatéence meeting skill and diploma
requirements as stringent as those for other sacgrsthool science programmes.

* Envisage the inclusion of computer science in #eching of traditional disciplines, in
humanities as well as sciences.



Context and positioning of thisreport

This report extends the specific work conducteddsearchers, teachers andpecteurs généraux
(education system general inspectors) on the tegabi computer science since 2008, when the
reintroduction of computer science in secondaryoskshbecame an explicit goal of the French
Ministry of Education. This collaborative work ohet principles and programme started within the
framework of the educational reform of 2008 andticwed when the decision was made, shortly
thereafter, to reintroduce secondary-school comm@diEnce courses in the autumn of 2012 in the
form of a specialised curriculum, Informatics andgial Sciences (ISN), for the final year of
scientific programmes. This report also pursuesatbek of the French Academy of Sciences, which
has already released partial opinions on the iottdn of computer science in education,
particularly reports published in 200@nd 2016, In its pillar 3, the 2006 government text regacdi
core knowledge and skills also included paragraphsunderstanding electronic and digital
processing of information, following a proposalthg Académie des sciences

Note: This report was written before publication of tread map defined during the governmental

seminar on digital technology in March 2013. Thesd map insists on the increasing importance of
the digital industry and the role of digital techagy in many businesses and the creation of new
jobs. This report also insists on the importance ¢fue familiarity with computer science among the

general population, as well as the need to traimnyanore competent professionals in the field.

Finally it indicates that discussions on the rolecomputer science at all levels of the educational
system will soon be organised.

A digital world created by computer science andheigjues

The development of computer science and the sysitedtgitisation of all sorts of data profoundly
affect society and its activities, leading to threation of what is now broadly called the "digital
world". The specific nature of digital activities@ industries is clear: they consist in manipulatin
immaterial information that is very different fromaterial objects. A computer program or a piece of
data weighs nothing at all, is transported atelitit no costs and can be infinitely duplicated. iviet
our country not everyone realizes three truths @fcadémie des sciencéscademy of Sciences)
insists on asserting and which this report developietail:
* The route towards a digital world is based on jgmmbgress in computer science and
techniques.
« Computer science has become an independent diseciplth its own schools of thought and
results.
« While it is indispensable and helps reduce thetaligliivide, education in digital practice
exclusively through the use of software, compudgrs networks does not contribute much in
terms of education in computer science.

We should note that the government now recognigeficély that neglecting the importance of
computer science in education would endanger theeof our country. This recognition translates
into a proposed law for reorganising schodlsi (pour la Refondation de I'Ecdlgresented to the
Council of Ministers on 23 January 2013, which esiis schools with a new mission: "digital
education”. But it does not provide details anddfare does not specify the fundamental difference
between use, science, and technique. The digdal noap presented afterwards by the government in
March 2013 explicitly mentions starting discussiamsthe role of computer science in education.
This question indeed seems essential and will ®subject of this report.

! Report by theAcadémie des sciencgscademy of Sciences) on teacher training andethehing of science,
http://www.academie-sciences.fr/activite /rapport/avis131107.pdf.

Z Report by theAcadémie des sciencgscademy of Sciences) on reforming secondary ssh@610,
http://www.academie-sciences.fr/activite /rapport/avis251110.pdf.




Vocabulary notes

First we need to specify the vocabulary we will,us& new acronyms are constantly cropping up to
designate computer-related activities: ICT, NIOTST, eté. The term "electronic” is still present in
terms like "e-mail" and "e-commerce"”, etc. whilagithl" is clearly gaining ground and used in a
growing number of fields. In this report we willaithe following definitions:
e "Computer science" will specifically designate Hugence and technique of processing
information and, by extension, the industry dedidab these subjects.
* The adjective "digital” can be associated with aotyvity based on digitized information:
digital photography, digital sound, digital publisty, digital sciences, digital art, etc.

Thus we can speak of a "digital world" to exprdss ise in an increasing number of activities of
digitized information and a "digital economy" fdf aconomic activities linked to the digital world
and "digital” alone for all activities to which tlaeljective can be added. Since digitized infornmatio
can only be processed via computing, computer seienthe conceptual and technical driver behind
the digital world.

About this translation
The French worddnformatique does not translate well into English. Compared Eglish,
informatiquecovers computer science but also other topicsdbat with the processing of digital
information, such as what is often called inforroatiscience and technology, as well as the
computing industry and commerce. We have nevedbelghosen in this report to translate
Informatique by computer science when talking about educatimh r@search, and by computing
when the context is that of industry. The situatomuld become simpler in the future, since the
English word Informatics is gaining traction inemational Academia. The French wokdimérique
has the same meaning as digital in Englstciété numériqués adequately translated by digital
society.

Computer science at the heart of digital technology

Computer science is the object of considerablensieresearch throughout the world, ranging from
abstract research on algorithms and fundamentallegion structures to the design of innovative
hardware and software used everywhere. This rapodedicated exclusively to the teaching of
computer science and techniques within the eduwatieystem. Our aim is to demonstrate that
teaching computer science at a much earlier stageblecome a necessity for all, obviously at
different levels depending on whether we are tglihout training engineers or ordinary citizens.

General education in computer science should firgvide all citizens with the keys to their future
world, which will be even more digitized and thenef computerized than it currently is. This is
necessary for them to understand its decisionsegallition and consciously take part in them rather
than simply endure them and consume what is madedaocided elsewhere. Computer science
teaching must also prepare people for new secidisim employment opportunities engendered by
computer science. For engineers and scientistsust rprovide knowledge, adequate scientific
practice, and appropriate techniques so they cake nide most of all computing tools at their
disposal as well as adapt these tools to their sastors and even create new ones. To various
degrees it will therefore be necessary to educateyene concerned by constant and rich interaction
with computerised systems, whatever their professiofield: literary, scientific, artistic, or othe
The corresponding curricula in computer sciencauhbe designed according to the diversity of
these interactions and with the actors concerneidwiihout losing sight of the profound unity o it
concepts: computer science does not differ accgrtdirdisciplines and cannot be limited to certain

% Information and Communication Technologies, Newoinfation and Communication Technologies and Infdiona
and Communication Science and Technologies.



disciplines, even if it is presented differentlydifferent areas. Both its general concepts andipe
forms need to be taught in a harmonious manner.

Teaching computer science, beyond the use of diggahnologies

What thisreport proposes:
* Adiscussion of the nature and impact of computenrse
* Proposals regarding the purpose of teaching compaience
* A skeleton curriculum for the primary and secondaxgls
* Elements regarding the training and status of pymaniddle- and secondary-school
teachers
* An overview of education in computer science arothedworld
* Recommendations for the 2020 horizon

What thisreport does not cover: It does not pretend to cover all the questionandigg the digital
world, nor evolutions in teaching methods made ibptes$y new digital tools in all subjects. It does
not propose a detailed analysis of higher education

What this training should not be: Some continue to believe that scientific trainingcomputer
science is not necessary, that familiarisation whh basics is enough and that, if need be, compute
science can be learned "on the job". This opingaa$ to a dangerous misunderstanding.

Of course, familiarisation with various uses is asin This is simple and natural for young people in
the 21st century for whom computing is nothing reemce they were born with the technology. The
B21* qualification in France contributes to this. Howevcomputer science has undeniably become
much more than a provider of tools that can be wgdtbut too much thought. On the contrary, it
has become a vast space for scientific, technioalistrial, and commercial creation, as well as one
of the fields that creates the most direct or ictifobs in the world, as observed in the report by
LévyJouyet; numerous reports by the CIGREBECD, and other bodies; and the government road
map published on 28 February 261Bhe corresponding wealth is built up by those wheate and
contribute to progress in the field, not by thoseowonly consume its products. While one can
become a savvy consumer through immersion in datligociety, creation is necessarily based on
real skills in computer science.

A major stake: software

In the 20th century many useful and innovative paognes were created by knowledgeable
amateurs, some of them self-taught, which has ibutéd to the myth that computer science can be
developed in a garage. However, applications tresite value, and which we will discuss further on
in this report, are much more ambitious and compléey are created by solid teams of highly-
trained and well-equipped people, whether in ingust in society for the development of free

software.

We should note that in the 1980s France presetgell as a major industrial player in computing,
particularly software. This is far from the casdag, even though French research has remained on a
high level internationally and even if France anardpe remain leaders in important niches like
embedded systems for transportation, industry,ajelcts. France remains competitive in terms of
SSII (consultancy service companies), but is wealsaftware publishing with only one French

“ Brevet Informatique et Internébasic training in computer tools and Internet)

> http://www.ladocumentationfrancaise.fr/var/storagpports-publics/064000880/0000. pdf

® Club Informatique des Grandes Entreprises Franga{@mputing Club of Large French Companies)

" Organisation for Economic Co-operation and Develept

8 http://www.gouvernement.fr/sites/default/files/fiets_joints/feuille_de_route_du_gouvernement_sunuenerique.pdf




company in the top 100 international firms. At andi when industrial reconstruction is a
preoccupation, and above all focused on floundefinngs, it is essential to observe the unfortunate
weakness of our industry compared to the extraarglimternational expansion of the field, as well
as the large number of French computing firms fddainto foreign hands due to their success, which
is not a very good sign for the nation's futuredemms of industrial health and independence. We
believe that our current decline in an area thabisundamental for the future is in large part tlue
late and limited recognition of the discipline iregtigious engineering schools, secondary education
and in French society generally speaking. Not sg lago it was commonly believed that computing
was not a science and therefore did not need ttabght; it was sometimes even considered a
passing fad.

There is something wrong with the way we teach coep science and even more so
in the fact we do not teach it at all.

The situation can be reversed by implementing edakation in computing as a science rather than
just a usage, in keeping with the traditional hegaindards of science education in France, as well a
with the place of science starting at the primamel, which has been progressively reinstated since
1996 at the initiative of the Academy (dereMain a la Patg

The problem of recognising the need for real edooan computer science is not limited to our
country. It is increasingly the subject of debatéh similar arguments as those developed here, and
many countries have already launched initiativesh@nsubject. Notably the United Kingdom has
decided to introduce computer science in theirvaent of the Baccalaureate, on equal footing with
other sciencés(see the section of this report on computer seiemmund the world for other
experiments).

This report contributes to raising international aa@ness. The originality of our committee is
probably the participation of teachers and reseasctvho are highly involved in educational issues
and the dissemination of science and who have dyrégken part in defining computer science
curricula and writing associated textbooks.

The nature and impact of computer science

A ubiquitous science and technique

In the beginning of the 21st century computer smehnas radically changed many fields of human
endeavour, from the transmission of knowledge tsirless management, from artistic creation to
government administration. While computing in th&8Qs essentially concerned scientific
calculation, business management and telecommignesatcurrent computing is involved in all
forms of communication between people, leisure,tndasensions of industry, from the design of
objects to their manufacture, commerce, transportaa large part of the service sector and, jast a
well, science, the humanities, health, and caredégendent persons. For example, everyone can
observe the impact of the Internet on communicatioetween people, access to intellectual works
and the transmission of knowledge. The fact thiatige amount of data is available on line and can
be analysed by algorithms transforms our relatignstith knowledge. We should note that the
Internet has been, since its début, a resolutetypetderized network based on the distributed IP
protocol, which is very different from traditionaéntralized telecommunications technologies that
could never have been expanded to such a scale.

Up until recently the Internet was only accessibitedesktop and laptop computers. But 21st-century

o http://www.bbc.co.uk/news/educati@i?261442
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computers have taken on different forms, diverdi@d are integrated everywhere. Telephones and
tablets connected to the Internet have rapidlyaega traditional computers, associating limitless
mobility with touch screens, sound, video, novehdiions, and a multitude of new applications
using, for example, geolocalisation. Onboard comsuin planes, trains, cars, and other everyday
objects are even more numerous. These invisiblgoaters are linked to increasingly varied forms of
sensors and actuators. An automobile, for exanguatains an impressive amount of computer
equipment and software to assist in driving, brgkireducing fuel consumption, etc. Functions that
were once mechanical, like control of the engingersng, and suspension system are now
computerised. The difference between one model aamather often has to do with the onboard
computer system. Soon cars will be constantly cciegeto the Web and collect data directly from
the road, the city and a wide array of sensorgderoto ensure greater safety and more fluid traffi
conditions. As is the case for planes, automobdsigh is entirely assisted by computers, using
geometric modelling and simulation tools. This isymwautomobile manufacturers are hiring just as
many computer scientists today as mechanics.

Sciences that have gone digital and computer sceenc

All natural sciences have now adopted computensei@s a fundamental component in research, for
example by designing new sensors and instrumentskigervation, together with experimentation
that combine physics and computer science on a sogntific and technical level: telescopes,
particle accelerators, medical imagery devices, Dd¥¢4uencers. Yet in science, computing is much
more than a calculation tool. It leads to a différeay of thinking, called "computational thinking"

in which algorithms have the same importance asteaus. Computational thinking also applies to
life sciences where equations are sometimes lacKihgs scientists in bioinformatics model life
forms with algorithmic tools that allow them to meoperfectly describe and even simulate life
processes to understand them better. In medicirentsts are starting to model the dynamic
functions of organs. Surgery is performed usingnaemfed reality and intelligent prosthetics for
hearing, sight, and movement are being developedoring to experts in experimental cognition,
our brain has certain algorithmic aspects: oncerpgse is defined, it searches for the means threa
it, gathering the necessary information and mdggriand then executes a series of elementary
physical or mental tasks to achieve it.

The links between mathematics and computer scianeenumerous and profound. Like physics,
computer science relies heavily on mathematics @enkelops them for its own needs: logic,
combinatorics, number theory, statistics, etc. Wise, mathematicians use computer visualisation in
geometry or dynamic systems. Hales' proof of thepl&e conjecture involves very large
computations. Experts in applied mathematics amdpeer science work together to make digital
and formal calculation tools use in a consideratimber of scientific and industrial applications.
These tools deal with difficult problems of phydidata representation and approximation. Finally,
new logics and algorithmic approaches to formalofgohave been applied in proving major
mathematical theorems in a full formal way: recexamples are the four colour theorem, the Feit-
Thompson “monster theorem” on odd-order group diaation. The very same tools are used in
computer science to formally verifying of circuitgmpilers, and operating systems.

Social sciences are also concerned: philologist$rians and lawyers use computers to archive and
index large corpora, but also to assemble fragmafiggatutes or manuscripts in order to reconstruct
them. Computer science is gaining ground in the, avith new ways of creating and disseminating
the written word and images, generating computgrisalculations in architecture, and new
techniques for direct manufacturing of complex otgdike 3D printing. Musicians use software to
invent new digital instruments and new compositiools. Finally, athletes commonly use complex
computerised instruments to improve training araeaase performance. In these fields as well, we
can observe the advent of computational thinking.

Automatic analysis of large volumes of data, whictginated with databases and search engines,
now has applications in a wide variety of fieldslstas genome biology, epidemiology, climate
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studies, journalism, customer analysis, etc.

Computer science is also a major provider of dimud indirect jobs around the world, with a
constantly expanding economic network ranging frstart-ups to service companies and large
industrial empires. This expansion is particulastyong in North America and Asia. France and
Europe have remained active, but their roles angesdhat limited, except in specialised sectors like
embedded systems, telecommunications, computestegsiiesign and video games. Entirely new
ideas, such as search engines, social networkmartghones, did not originate in Europe, where
creativity is less important than in the USA andaAs

A unified discipline: computer science

The wide range of effects of computer science weehdescribed above does not mean there are
several forms of computer science. On the contriris the computer's absence of application
domain specificity that explains its ubiquity. lact computer scientists refer to them as "universal
machines". While computing is a field where creati® fast and products are quickly obsolete, this
creation and these products are based on fundantemauter science knowledge and stable know-
how, relying on broad unifying concepts. Hence tkeent specialised programme in French
secondary schooldnformatique et sciences du numérigileformatics and digital sciences) is
organised around four concepts and their interasticalgorithm, language, information, and
machine. These concepts existgarior to computer science: the term algorithm,évample, comes
from the name of the great Persian mathematiciakh@warizmi, who also invented algebra, and
the notion of the algorithm has been used in ma#tieshthroughout the ages. However, computer
science has systematised and considerably ext¢hegse concepts.

To explain the generality of algorithms, we shob&hr in mind that many questions we face start
with the word "How": How do we perform an additioki®w do we recognise a face? How do we
know a sentence is correct? How do we manage t&widbw do we know our geographical
location? The answer to such questions is oftealgorithm, whether it is performed by a human or
by a machine: an algorithm for additions taughtsahool or performed by a circuit, a shape
recognition algorithm, a grammatical analysis athm, a neuronal or robotic algorithm for walking,
reading a map or a GPS algorithm that calls on gérend special relativity for orientation. In
computer science, algorithm design is based omativey limited number of major principles, even
if the number of known and studied algorithms invremuntless.

An algorithm is a conceptual object, like a numbarorder to be materialised, a number must be
written in a specific language, for example in gosial notation, perhaps within a phrase written in
natural language. In computer science, prograntsiribarnate algorithms must be uniformly formal
and precise as they must be understood by bothame&machines, the latter being infinitely stupid.
The computer languages in which programs are writbee therefore very different from natural
languages as they are simpler, more specialisedeandambiguous. However they are also based on
a limited number of concepts that can neverthddessombined in various ways, hence the existence
of multiple computer languages today.

Unlike human discourse, where the listener is sap@ao understand the unsaid, expressing an
algorithm in a program is a delicate operationtasan generate many bugs that can trigger erratic
and potentially dangerous behaviours. The art ofjiamming consists in writing programs that are
scientifically organised so that they are corrext their correctness can be verified. Furthermaze w
can say that the starting point in computer scieva® the advent of the first high-level programming
languages such as Fortran, Lisp and ALGOL, rathan tthe first computers. These languages
allowed the accumulation of programs and their arge, the reuse of a programe by others, its

10 . .
Programme available at the following address
http://www.education.gouv.fr/pid25535 /bulletinofficiel.html?cidbo=57572
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portability between different brands of computeasd the transformation of programs themselves
into objects of study.

The concept of information, or data, is centralour way of thinking. In everyday life we are
immersed in a sea of information. We need to leéararganise, sort and confirm this information,
question its source, update and extract knowledge fit. We need to distinguish between the
information we have and that which is lacking, bioat we can search for or speculate about.
Computer science simplifies these problems by piogi new means of gathering, representing,
organising and searching for information on a lasgale. However it also exacerbates problems
related to mastering information.

Finally there is a continuity in the history of nmawes that manipulate information, which is part of
the general history of machines. It has led froncmaaical to electric calculators and then to modern
electronic computers. A uniformity of concepts adguplies to these computers. Whether large or
small, the circuits of these machines are all desigand manufactured according to the same
principles, using computer assisted design soft@acdesimulation tools.

The fundamental character of computer science isndeas led some to propose a slogan for the
children of this century, by adding a single woodthe one already suggested by Amdémie des
sciencegAcademy of Sciences):

Learn to read, write, count, reason, and program

The purpose of teaching computer science

Education in computer science should allow all stud - including those who are not destined to
become computer scientists - to understand andemts digital world around them and to access
the new ways of thinking that come with the develept of computer science. It should serve
people in both their professional lives and theles as citizens.

Training professionals in every sector

There are three professional sectors that arecpkatly concerned by computer science. First, there
is of course the computer industry that is a majmvider of qualified jobs. Then, computer
scientists are massively employed by organisatjmuistries, administrations, etc.) to develop high
end applications. Finally, in a large group of otpeofessions (scientific, technical, commercial,
legal, etc.), people are in constant contact wogphssticated computerised objects.

In computer science, France and Europe have vety duality research and, as we have already
pointed out, remain leaders in certain major fielsvertheless it is recognised that the French and
European industrial fabric is lacking in vigour,tivia small number of international leaders and
frequent acquisitions of the most dynamic new Hnefioms by foreign ones. This cannot be
explained by industrial and financial factors alottealso results of cultural phenomena, the first
being a lack of understanding regarding the staiteéhe computing industry among our elites and
engineers, who often have not benefited from seffiictraining in computer science.

Regarding computing in industry, and not only ire teomputer industry strictly speaking,
industrialists in many western countries are regylavarning there are not enough well-trained
computer scientists. It is surprising that there also computer scientists who are unemployed.
However, these are often "old-school" programm#esned on the job, and who have difficulty
adapting to changes in the sector due to weak statt@ling of its fundamental concepts. This offers
yet another example of why the educational systamno longer turn a deaf ear regarding demand
for real training in computer science that allovepple to adapt to rapid changes in the sectos. It i
also an additional reason to start such trainingiratearly age, to expose children early to the
appropriate way of thinking about informatics anddtheir critical sense.
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For other businesses where people are constantbpritact with computer science - engineers,
managers, salesmen, architects, etc. - the cotistiucf real "computational common sense" is
essential and can only be the result of real ingigis well. To quote the words of Louis Becq in his
article Contre [I'lllettrisme Numérique en Entreprisggainst digital illiteracy in the firm):
"Undoubtedly industry needs more computer scientisand increasingly well-trained and
professional ones. [...] However, industry alsodse@nd just as much, personnel that has acquired
and assimilated a general computer science cudilmeriing them not only to dialogue effectively
with their computer scientist colleagues, but atsdistance themselves sufficiently from their ol
in order to be active vectors in their improvemantd performance”. For example, jurists are
increasingly required to write and apply laws tbhahcern questions linked to computer science.
Recent experience has shown that their difficuitymderstanding and following the subject leads to
constant delays in terms of action and even comtrads as we have seen for questions involving
identification, electronic voting or privacy issudbe widespread and erroneous belief that an IP
address identifies a computer (within Internet &cot version 4 or IPv4), blind confidence in
electronic voting, which is certainly not sharedhwspecialists in computer security, etc.

Whatever the profession, it is important to abanttentraditional idea of using applications whose
elaboration is delegated to computer scientistsukdake two final examples. A scientist designms a
experiment and needs to process the data, butntptog adapting existing software. The way the
data is processed is in fact part of the experialatgsign. A young man who uses a telephone does
not want to wait until he has finished his studiescomputer science to develop and put the
applications he has invented on line. All theseorcimust gain their independence in the digital
world.

Preparing citizens
Computer literacy for all

The "digital divide" is often restricted to the glhgtween those who possess a computer and Internet
access and those who do not. This partial visiended on equipment is highly limited and can lead
to inadequate solutions in terms of education. &ample, giving each first-year middle-school
student a computer or equipping each classroom antlinteractive whiteboard, as is the case in
many French departments and regions, is only difecteve way to deal with a real problem if this
"gift" is not associated with educational support.

Once they are adults, these students will actuadlye to cope, more often than not, with many
changes brought about by computers in many aréasrdnan a lack of machines and these changes
will affect them directly. The real divide will beetween those who possess the intellectual tools to
understand these changes and those who do noexaanple an unemployed person will have to
register with the unemployment office via a compuliewill be easier to find one than to learn how
to use it.

The transformations brought about by computer seletarry a message of hope, one of greater
transparency and proximity, of more possibilities €very person to express himself and to access
information and education. However these changes aao affect our individual freedoms.
Therefore they need to be accepted and controlecitizens and society. This control will not be
possible without a minimal understanding of theaspts involved. Currently this understanding is
far from widespread; it can only result from a reducational programme. An in-depth study of the
arguments put forward in recent debates reveali¢wessity of such an educational programme:
irrational confidence or wariness of electronicingt whose strengths and weaknesses are poorly

11 http://www.lemonde.fr/sciences/reactions/2012/12/06/contre-l-illettrisme-numerique-en-
entreprise18012581650684.html
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assessed, concerns regarding new ways of dissemginatellectual works, often seen exclusively
from the angle of pirating, absence of control otle¥ sharing of personal data, often collected
without informing the persons concerned, difficuftyr institutions in measuring the impact of
allowing citizens to express their opinion on amg all subjects, the impact of screens and various
computerised objects on the physical and mentaithefiyoung peopl¥, etc.

Reducing digital divides between genders and sociatses

Gender equality in understanding computer sciencetlae digital world is essential. While women
were quite present in the early days of computeEnse and up to the generation trained in the 80s,
today we can observe a marked inequality betweerséttes in French Grand Ecole and university
degree programmes, which has resulted in the dupreportion of around 15% in computer science
profession¥’. This inequality does seem to be diminishing owee. Furthermore, we know that
social differentiation between girls and boys ises with age, in particular their taste for sdient
subjects. Reducing this type of inequality is nosgble without constant and early efforts in
education. For us this is an essential reasoratthteomputer science in schools.

Similarly, we must avoid broadening the digital idev between children of the affluent, who are
exposed to the digital world and can, if they sshyibe trained in computer science, and others who
are not so fortunate. This is another reason whyg gssential that our educational system teach
computer science starting at primary school leselthat access to this science is not reserveanfor
elite.

A favourable context

The conceptual unity of computer science and thdewariety of its applications provide a
favourable context for creating an educational pogne that is both conceptually well-designed
and easy to implement via a wide variety of prattapplications for student exercises and projects.
Fields of application can be linked to other scemdanguages, the arts, history, geography, besine
management, government administration, etc. Thdtivehavailable applications makes it possible
to select fields adapted to the students' currieuld elective courses and that are close to their
interests. From a computer science standpointcémstruction of conjugation tables or calendars
represents a similar type of problem. One can t&aemotion of nested loops with one or the other,
but reception of these two examples can vary atgteal according to the students' centres of
interest.

Another favourable factor for a quality educatiopepgramme that is interesting for students is that
many of them are now highly familiar with the usesl logic of computer science. For 21st-century
students, computer science is anything but a "melnology" since they have never known a world
without it. A computer is no stranger for them ttliha sea, the mountains, a bicycle or a cat. On the
contrary, some 20th-century objects are now straigen history teachers will have to explain what
a telephone box was used for or what a typewritarirgyl disc is, even a CD. Moreover, computer
science is often associated with the pleasant ssmdclife: games, communicating with others,
music, photos, videos, etc. This familiarity canused as a means of gradually leading the youngest

12 See the opinion published by theadémie des sciencgscademy of Sciences) JF Bach et al (20L3nfant et les
Ecrans("children and screens"), Ed. Le Pommier, Parisaifable online ahttp://www.academie-
sciences.fr/activite/rapport/avis0113.hamd theLa Main & la PateFoundation's.es Ecrans, le Cerveau et 'Enfant
(Screens, the brain and the child) pedagogical teodu

13 Marie-Paule Canfilles et Garcons Face a I'InformatiquéSirls and boys and computer science) in thegedings
of the symposiunkilles et Gargons en Sciences et Techniques, UauEBjropéen et Planétai{&irls and boys in
science and techniques, a European and planetaligrofje) co-organised by the associaffi@mmes et Sciences
(Women and science), tiessociation pour la Parité dans les Métiers Sclanies et Techniqug#ssociation for
gender equality in scientific and technical profess), or APMST, and thilission pour la Place des Femmeas CNRS
(Mission for the place of women within the Frenettional centre for scientific research) GrenobleyNL5 2008.
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students from uses to concepts. A good indicatiostudents' appetite for computer science is the
success of th€astor informatiqueompetitiort* for middle- and secondary-school students.

In computer science, scientific and technical aodis are often closely linked. Even in the contaixt

a highly practical application, there is often teed for a sorting program, which will have to be
imagined and written. The teacher could therefegs Ithe students to analyse the algorithm they
have programmed, to question its complexity andttoly a greatest lower bound to the complexity
of sorting algorithms. The path that leads progvess from the abstract to the concrete is the
essence of teaching computer science. Such teacamglay a truly positive role in developing the
students' taste for sciences and techniques, whiettieose who do not enjoy studying science or do
not see what it is for, or, conversely, in thoseoveine easily bored by classes in technical subjects
that disregard the abstract dimension.

A final favourable factor is the emergence of MOWassive Open Online Courses). Even though
they involve significant investments, they offemew lever, with strong economies of scale, and
allow the emergence of cooperative communities theddevelopment of an open pedagogy. This
type of teaching seems particularly well-adaptedamputer science. This report will come back to
the subject of MOOC when dealing with continuingl aeacher training. However, it is important to

note this trend is developing rapidly and mustdskoned with over time in the teaching of computer
science in general.

Some general principles

Before outlining a skeleton curriculum, we will sifg some general principles that should guide the
teaching of computer science, at any level.

Striking a balance between theory and experimentation: Regarding the objects studied, computer
science is close to mathematics as both concennaabsbjects. Regarding the method, computer
science is close to natural sciences in that iksedn material objects, i.e. computers, to impleme
abstract algorithms. Thus it allows concrete resiiss that are directly linked to reality: anahgia
text or image, designing the wing of a plane ineoritd optimise air flow, composing, and playing a
piece of music, etc. It is important to impart thisal anchoring to students by initiating themkte t
most abstract aspects of the discipline, while shgwhem how these naturally produce concrete
applications, close to their personal centres tdérest and their professional plans, thus linking
theory and experimentation as, for example, irLtadlain a la Patgprogramme.

Linking computer science to the real world and other disciplines: One practical way of teaching
some computer science is to remain focused on simmpathematical examples. However,
mathematical calculations represent only a partahputer applications and are only likely to
interest those students already interested in matiesflexible nature of computing allows for a wid
and varied choice of examples: textual data, imagesnd and video, robots, and everyday digital
systems, physical simulations, etc. All these Bedde equally formative and computational thinking
is essentially the same within them.

Ensuring the relevance of cour se content over time: One characteristic of computer science is the
contrast between the stability of its basic coneegpid the rapid evolutions of the objects themselve
For example, many students used to learn Lispnguiage that has now been basically abandoned.
However, the notions that form the basis of Lighe function call, recursion, tree data structures,
etc. - are fundamental notions that are obviouslyis use. Thus it is important to formulate the
objectives of a programming course in terms of eptg rather than languages. Even if we teach
programming using a specific language, which see@gtable, this teaching must be sufficiently
general for students to learn other languages kemselves later on. Therefore we must
systematically seek to teach fundamentals and pisicestead of training students in the details of
tools that will soon be obsolete, otherwise thelstis risk to be as useless as the objects studied.

% http://castor-informatique.fr
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Reducing digital divides. To reduce inequalities we suggest very early tingirand a diversified
approach to the discipline that combines abstradiod applications in the real world, in particular
far from the masculine image of an uncommunicgpeeson glued to a machine.

Going beyond usage and training " on thejob" : Contrary to an unfortunately widely accepted idea,
training in computer science cannot be limitedtsoapplications - word processing, spreadsheets,
Web browser, etc. - for the same reason that trgim thermodynamics cannot be limited to learning
how to read a thermometer or a barometer, or méchém obtaining a driver's license. This type of
training would only produce users at the mercyemhhiques and not actors in tomorrow's world.
Similarly, we must repeat that learning "on the"jobithout a gradual approach to the concepts, can
only work for the use of tools designed by othé&tsal training is required to imagine the objects,
services, and sciences of the future, as all psadas that create value will lead to real innovadian
computing and not only the consumption of standamls. An architect's training, for example,
should not be limited to learning how to use desgftware that is available today, but to acquiring
skills that will allow him to invent tomorrow's aligations, like Franck Gehry, whose new buildings
could not have been designed without computers. gbtetional thinking has become a central
factor in their conception.
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Skeleton curriculum

At all ages and especially in primary school

Training in computer science is organised diffdsersiccording to whether the courses are for
primary-school, middle-school, secondary-school,university students, but the question of the
curriculum should be approached globally, as th&tert of courses at secondary-school level, for
instance, depends on the level of the students wienbegin secondary school, i.e. what they have
learned in middle school. This report offers a uei@pportunity to address this question of glopalit

Three ways of learning

We can distinguish three ways of learning compatéence that differ in their purpose: discovery,
acquisition and autonomy, and mastering concepts.

Discovery: One way to have students discover computer sciende teach them how to use
computerised objects and to lead them, through Ildasning process, to raising questions and
searching for answers. Many students, for examgieyw how to send an email, but they do not
necessarily wonder how such a message ends up iretiipient's inbox. Learning how to use an
email program offers an opportunity for them tcseathe question and search for the answer. This
guestion can be introduced in an attractive way,efample in the form of a riddle. Students can
look for the answer collectively. We can place tuestion in its historical context: the problem of
sending messages is very old. This question has flaéged before, for example, during the reign of
Genghis Khan, whose empire stretched from Asia Miadhe China Sea. It can be used to introduce
the notion of networks - computers are linked tbgety electric cables or radio - and routing - a
message must find its way through a labyrinth mgalef billions of interconnected computers.

This initiation to computer science also involvéscdvering the fundamental concepts of algorithms,
language, data, etc. without necessarily usingnapcier.

Acquisition and autonomy: Understanding computer science is not restrictedusing objects
designed by others, but also consists in knowing teodesign them oneself.

The acquisition and autonomy phase requires legrthie basics of programming languages and
methods. Obviously the aim is not to train prograrsnbut to offer students an opportunity for
hands on experience, so they can understand wleg gto making a computer program, an
indispensable key to understanding the world aratiedh. The objective is to teach them to move
beyond the role of simple spectators and becomdldédiged participants in our digital world.

In-depth study of concepts: Once a certain level of autonomy has been acqustadents can really
enter the universe of computer science. They caterngtand how programming languages are
designed, how public key cryptography works, hodatabase system is organised, how a computer
or a network works, why certain problems cannosblwed by an algorithm or why others require
more or less time to calculate. For example, caimguan index of several terabytes takes only a few
tenths of a second, but decrypting a short mességeut knowing the key can take centuries.
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These divisions in the teaching of computer scieareenot exclusively chronological. For example,
students can learn at a very early stage how ti@ tle programs, while perfecting their skilkstér

by learning and understanding different computegguages. However, it is still reasonable to say
that the first way of learning should dominate indergarten and at the primary level, the second in
middle school and the third in secondary schoollagber education.

Kindergarten and primary school: discovery

With programming languages appropriate for their agand in unplugged mode

In primary schools training in computer scienceametimes limited to use of a computer. However,
this is a misrepresentation of a scientific digoglin which abstraction plays an essential role.
"Doing computer science" does not consist in spendiours in front of a screen. Initiation in
computer science in kindergarten and primary schbould therefore be balanced between activities
using a computer and "unpluggé&ttasks. The children's use of computer science, elsas the
fascination it exerts on them, can be mobilisedhibate them in the mysterious workings of their
own brains, as proposed in the module createldabiain & la Patefor the primary levef.

With a computer Activities involving the use of a computer can staith learning about the most
common software: email, search engines and Webdam®yword processing, spreadsheets, etc. As
we have pointed out before, this teaching shouldesas an excuse to wonder about how objects
work, a line of questioning that should lead inntdo the discovery of certain computer science
concepts. We have already cited the case of eiflad.\Web is another example. While sending a
page from a Web server to the school computer otheysame principles as sending an email, a new
question is raised: Where does this information €dram? Whose words are these? Where is this
information saved? How is it identified? It is alsossible to evoke a keyword search and the notion
of an index, thus lifting the veil on the mystesoworkings of search engines. Pupils can even desig
their own Web page and become active participantghe Internet, which is the best way of
understanding that anyone can say anything in ittieal world and questioning the relevance of the
information one can find there. The Web can alsoplaeed in its historical context, through a
question regarding the difference between a Wek,pagarchment and a printed page. For example,
just like a traditional encyclopaedia, an onlineyatopaedia can contain articles about dinosaurs or
highly specialised information on the typology ¢éctrical outlets throughout the world that would
have been eliminated from a traditional encyclopmeldie to the number of pages required. While
middle school students learn the difference betvaeerncyclopaedia, a technical manual, a tourism
guide, etc. today they also learn that an onlireyeopaedia is all of that at once.

In unplugged mode: Alongside these activities, which start with thee waf a computer to raise
various questions, "unplugged" activities, i.e. evhdo not require the use of a computer, allow an
approach to computer science on a more concepuel. IThey aim to introduce students to three
fundamental notions in computer science: languiafe;mation and algorithms, notions that are also
part of "connected" activities. These highlight,reaver, the fact that concepts in computer science
apply to the real world just as much as the virtwatld inside computers.

A formal language is different from a natural onedo its specialisation, artificial character, itexal
lexicon and the simplicity of its grammatical rul&ne simple example is a language formed with
just four words: "North", "South", "East" and "Wésind of a construction, a sequence, that is used
to form series of these words. This language candesl to give directions on a square grid, for

1% See also the opinion of tieadémie des scien¢@cademy of Sciencesl,Enfant et les Ecrang'children and

screens").

6 B Descamps-Latscha et al (2013)s Ecrans, le Cerveau... et 'EnfafBcreens, the brain...and the child), Ed. Le
Pommier, Paris, a pedagogical module designetiebivain a la Patein support of the opinion of thAcadémie des
sciencegop.cit. supra
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example, like the tiles of the school yard. Theregpion "North, North, North, East, East, East,
South, South, South, West, West, West" indicates,ekample, that a child should move three
squares to the North, then three squares to thie thas three squares to the South and finallyethre
squares to the West, thus drawing a square orrthmd.

This same movement can be expressed in anothardgagforward, forward, forward, right turn,
forward, forward, forward, right turn, forward, feard, forward, right turn, forward, forward,
forward, right turn”. This time there are only tarevords: "forward", "right turn" and "left turn”,
composed by a sequence operation.

Activities around the notion of language consist, &xample, in interpreting instructions given by
another student or finding a phrase to instruct targo from one point of the school yard to anather
Afterwards it is possible to try more elaborate reises, like translating an expression from one
language to another -for example an expressionddrm the first of the two languages presented
above into the second one - demonstrating the dathay of a language - for example, "left turn” can
be replaced by a series of three "right turn". Barihis type of activity it is also possible to &eo

the notion of "bugs". A tiny error in an instruatiexpressed in the second language, for example one
"right turn” too many, completely changes the drayjvnd sends the student anywhere, as the figure
on the upper right shows.

This type of activity helps students understand3 wery simple context, a few of the essentiatgrai

of written language: its conventional characteg tieed for rules and the correspondence between
words and actions. It also allows them to undedsthat it is possible to calculate with words iaste

of numbers.

Speaking to little ones about information, langua@ad algorithms with their words
and based on examples in daily life

The notion of information is also a formidable Key entering the world of computer science. The
first notion that needs to be transmitted is thay &orm of information can be represented
numerically, that is to say by a series of symbidte, 0 and 1. Images, sounds, texts and numbkrs al
have a digital reflection, a code that allows tmfrmation to be memorised, transmitted and
reproduced infinitely. It is possible to introdutiee atom of information, the bit, as early as the
primary level and to ask how many bits are requi@express a piece of information. To know
whether a light is switched on or off, a singleibienough, while to express a person's hair colour
brown, chestnut, blond or red - two bits are neeéimie the notion of the quantity of information
contained in a message appears quite naturallychwisi, at first reckoning, its size. However,
redundancy complicates this notion: if a messageesses that an animal is an insect, adding that it
has six legs, the size of the message increasespbthe quantity of information transmitted.

A third notion that "unplugged” teaching can tacidehe algorithm. An algorithm is essentially a
way of solving a problem by performing elementapgtions "without thinking". Algorithms that
transform symbols - addition, subtraction, declensj conjugations, etc. - are as old as these
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symbols themselves, that is to say as old as \grititowever, mankind obviously used algorithms
well before the advent of writing, to prepare foekave cloth, shape silex, etc. Initiation to the
notion of algorithms can start by identifying simmnes that children use every day: when you dress
you need to put on your T-shirt before your swedtemake an apple pie you need to add the apples
before you bake the crust, but for a strawberryypie need to add the fruit afterwards. The second
stage consists in examining the constructions tseapress an algorithm such as:

e asequence: do this then that;

e atest: if a given condition is true, then do tliselse do that;

* aloop: do this three times, or until a given cdiodiis true.

Once these bases have been established, it idj@ossintroduce the notion of a parallel algorithm
to make an apple pie, a pastry chef cuts the applhéle another prepares the crust; on the other
hand, when tying a bowline it is difficult for twaailors to divide the task. This line of thinkingnc

be pursued, even at the elementary level, by tFereince between an algorithmic and a non-
algorithmic definition: defining the differenae — p of two numbers as the remaining number of
pebbles when we placein a bag and we remoyaeprovides us with an algorithm for calculating the
difference of two numbers. On the other hand, degithe difference of two numbensandp as the
number we need to add pdo obtainn offers no direct way of computing the difference.

The objectives behind discovering the notions afjleage, information and algorithms are twofold.
The first is obviously to prepare for more advaneddcation in computer science in middle school
and secondary school, which makes this discoveas@lthe first step in training throughout the
student's education. However, it is important talarstand its overall utility for the education of
young children. Many of the first things young dnédn learn concern language and algorithms.
Children learn rules that allow them to solve peoh$, including communicating with people around
them. Just as the rules of a game are not constrammposed by an authority, but a necessary
condition for the game to exist at all - you canplaty hopscotch without following the rules as to
where you are allowed, or not, to place your fegrammatical rules, rules for finding a sum or sne'
way in a city are not constraints imposed by ame@utly, but vital components in methods used to
express ideas, calculate something or figure oetsoposition. Here, grammatical rules define a
language, coding rules can express information rafes expressed by algorithms can be used to
solve a problem. This initiation to computer sceeig therefore an opportunity for children to start
discovering at an elementary level this dimensibau culture, notably our written culture, made of
signs and rules for manipulating them.

It is also possible to propose "unplugged" actgtaround the notion of the machine, for example,
by showing students how difficult it is for them &gt like robots and where this difficulty comes
from. It is also advisable to call the studentteraion to a few key elements in the history of
machines. Mankind first made tools, i.e. objectst tlequire a certain level of skill to use. Then it
made machines equipped with motors to execute tipesandependently, which sometimes meant
adjusting machines to perform one task or another.example, fabric looms can be adjusted to
weave one pattern or another. Then machines capabilanipulating symbols were made to process
information. For example, a special machine waét buithe United States to process the results of
the 1890 census. However, what sets computers d&memt other machines is their universal
character, i.e. the possibility for a computer x@@ite an arbitrary algorithm: one computer is all
computers.

Middle school: acquisition and autonomy

In middle school, combining science and techniques

One particularity of computer science is that ibegh a science and a technique: its purpose is to
construct both knowledge and objects. These obget®ither concrete, like computers, or abstract,
like, for example, programs. In this sense, compatéence may be a sign of new relationships
between sciences and techniques in the 21st ceMilimje the construction of knowledge dominates
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at the kindergarten and primary-school level, toastruction of objects, particularly programs,
should, in our opinion, dominate teaching at theldig-school level. Writing a program oneself is
indeed an essential step in becoming an actoeadsof using objects constructed by others. This is
also an essential step in understanding how pragem made and mastering the principle concepts
of computer science, many aspects of which carnde®vkered through programming.

Because certain objects are abstract in compuiencss; it is possible to construct them with very
few means compared to other technical fields likeomautics or even electronics. This means
practical activities can play a much more importate than in other disciplines.

Discovering programming in order to master the digji world

Students start to learn about programming withrtlitments of programming language, limited, for
example, to the notions of assignment, sequense |oep and array, without necessarily introducing
more advanced notions like functions or dynamiocation. However, learning about programming
also means learning know-how that allows studemtsidve from a description of what a program
should do, like, for example, printing a calendaran idea of the way to do it, for example, byngsi
two nested loops. This also means learning hovwet@ldp programs that often contain bugs and fix
these bugs.

Whereas more traditional courses rely on a sefiehart exercises, performed individually and at
the same time by all students, teaching compuiense involves exercises that are performed over
longer periods of time, for example several weeksl in small groups, usually in pairs, working on
different exercises. These exercises are ofteeadfirojects”. A large share of the task requiréd o
students involves, moreover, defining, in partfigmselves, the subject of their project.

This programming activity is therefore an opportyrio develop a form of teaching at the middle-
school level devoted in part to projects, an idea dates back to John Dewey. This is currently
practiced bythe Enseignement Intégré de Sciences et Technslagi€olleggIntegrated teaching
of sciences and technologies in middle schoolspnarm, or EIST, and théa Main a la Pate
Foundation, and it can be seen as an introduadioesearch methods.

When teaching in project mode, teachers must ndgilbat as the students are highly unlikely to
discover knowledge that mankind has taken centudesonstruct all by themselves. The teacher
needs to guide the students, answer their queséiodsaccompany them in their research, without
stifling their creativity. It is also possible tskathe students to read a chapter in a book before
starting their project or to search for resouraesirze.

Despite all its qualities, teaching in project magenot enough as the knowledge transmitted can
often be too fragmented. The link between differrins of knowledge may be missing. It is
essential to establish a balance between learingugh projects and traditional classes that
contribute to structured thinking.

Learning about programming is a way to discoverrtlttments of computational thinking. As soon
as one learns programming one understands thatircgmoblems, like detecting the presence of a
face in an image, which seem simple enough to dalteare very difficult to program, contrary to
others, like checking if the letter ‘A’ is presenta word. This awareness is a first phase thalsléa
wondering how our brain is capable of recognisinfpee in an image. A new meaning of the
interrogative adverb "How" emerges: the answer® question "How does our brain recognise a
face?" is an algorithm, undoubtedly programmed bylgion, that we are only partially familiar
with.

Middle school is also an opportunity to learn abothier aspects of computer science, or delve
deeper into them. First, while certain computetesys are autonomous, like desktop computers for
example, others are used within more complex systrmh as planes, trains, cars, etc., that combine
mechanical and computer components. The interfateden computers and the mechanical systems
they control consists in sensors and actuators dhatalso machines. This is a very rich subject
because it mixes hardware and algorithmic dimemss@a algorithms are required to translate an
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analog value into a digital one inside a sens@& digital value into an analog one inside an actuat
Other algorithms are essential to control the sydig acting on the actuators according to the walue
picked up. As early as middle school it is possibléave the students program a small robot, like a
car, so that it follows a white line: when the daifts too far to the right, the program must ttine
steering wheel to the left, and when it drifts fapto the left, it must turn the wheel to the tighhis
type of work raises awareness of problems like apdigital conversion and control with closed-
loop feedback, which can only be examined in dapttecondary-school level.

Middle school is also a level where networks canshalied, and particularly the notions of
addressing and routing in an "unplugged" way,wighout the use of a computer. While in primary
school it is only possible to examine the way akpge finds its way through a network and provide
relatively simplified answers, it is possible atdafie-school level to introduce the notions of route

routing tables and their updating, and routing atgms. This introduction to the notion of networks
is obviously an ideal moment to introduce the nwi®f security, privacy or property that their
development implies.

We have mentioned the profound changes computenaeihas brought to our society. It is in
middle school that students can start to think alioese changes. For example, teenagers learn at a
very early stage how to download music. Beyond ldgal implications of such practices, it is
possible to ask them why the question of illegatiopncerns an mp3 file, but not a vinyl record or
even a CD. The answer to this question can lean theunderstand that non-rivalry is an essential
dimension of material goods: since a digital copy imstantaneous and perfect, possessing
information does not prohibit others from posseasgstnas well. Changes in practices, but also in
standards and even the concept of private propeetgletermined by changes in the properties of the
objects exchanged.

P SRleggina

Computer science is for all students in all programes

From the primary level students will have discodeifee notions at the heart of computer science: the
notions of the machine - computer, network, rolett, - of the algorithm, language, in particular
programming languages, and information. Training tla¢ secondary-school level offers an
opportunity to stand back and take stock of thed@®ns and, above all, to understand the way they
work together.

The notion of language, for example, is seen indteidchool, essentially through programming
activities. It is possible at the secondary-schHeweél to introduce more advanced constructions such
as the notion of function, recursion, dynamic akoan, types of data and objects, and parallelism.
And it is also possible to start inventing littenbuages of one's own - like the language "North-
South-East-West" introduced in kindergarten - amavtite interpreters for such simple languages.
This is also a time to understand the pluralityasfiguages used within the same computer system,
for example, the fact that one program written ihigh-level language is translated into machine
language in order to be executed by a machinell¥sis@condary school is ideal for introducing the
notions of source code and compiled code, whichvarg important in understanding technical
aspects ranging from optimising a program's respdimee to legal issues regarding software
licenses.

The notion of information can be tackled from twwmkes: its coding and its structure. Coding ista se
of methods that allow computers to manipulate nusjldexts, images, sounds, etc. when they only
know, in a primitive sense, 0Os and 1s. This ide&zaafing also includes methods that are used to
compress information, correct transmission erroié @ncrypt information to protect it. Structuring
information involves the entire set of methods asted with complex coding, from file systems to
databases and the Web, which allow a computer tmgeastronomical amounts of data.
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The notion of the machine can be dealt with in aeranalytical way at secondary-school level by
insisting on the multiple descriptions of a singlgect depending on its scale, ranging from thetmos
concrete to the most abstract: the scale of thesistor, logic gate, processor, computer, local
network, Internet, etc. It is at this level thastdbuted programming can be evoked, for example in
client—-Web server architecture and mobile phondicgins.

Finally, the notion of the algorithm is dealt with and of itself, while insisting on the subtle
difference between algorithm and program. It isesondary school that students can understand that
an algorithm can be the object of a resolutelyrabsstudy, other than its incarnation in a patécu
language or its execution on a specific machine, dbuthe same time of very concrete research
regarding, for example, the resources it requimésrims of time and space.

Secondary school is also a time for greater spsatadn. Depending on the students' choices, it is
necessary to adapt training in computer sciencthéo centres of interest. The fundamentals of
computer science are the same for all specialisatidlowever, it is possible to vary the examples,
computer applications and projects to suit the esttgl preoccupations. In the final two years of
terminale L(Literature), for example, questions regardingcpssing language and text can occupy a
central role. From simple algorithms used to plaeala word - including irregular plurals like
"child", "man", or "mouse”, etc. - to algorithmseaksin statistical analyses of texts to identify the
author, for example. In the final two years tefminale ES(Economics and Social studies) and
terminale STG(Management Sciences and Technologies) it is ttem of information that is
central to training, via studying the place of dataocial sciences and above all the way inforomati
systems have changed the way firms operate. Ifitktwo years oterminale STI2Sciences and
Technologies of Industry and Sustainable Develog)ieis the notion of the machine that is central
to training, via an in-depth study of computer @eattures and their insertion in machines dedicated
to specific tasks. Iterminale S(Science) the notions of the algorithm and modelivill dominate.
Finally, it is in secondary school that students be introduced to the use of computer science in
more global contexts. First, it is possible to evdlow information plays a pivotal role in organgin

a set of activities in a laboratory, by processthg results of an experiment or conducting a
simulation, or in a firm, via its information systs. It is also possible to show how computers are
integrated in extremely complex technical ensembsegh as aircrafts. These subjects lead to
examining societal questions, whose study, as we kaid before, is part of the phase aimed at
mastering computer science. This type of work, Whi pan-disciplinary in nature, will involve
cooperation between professors in philosophy, Fremeisic, economics, etc.

After secondary school: preparing for all profeasiin the digital world

Evolving with training in computer science at thesondary level

Training in computer science after the Baccalaeresitl certainly need to be redesigned when
students that have acquired real basic knowledg®enmputer science reach secondary-school level.
The programme will naturally be different when agiding future computer scientists, engineers or
scientists in other specialities, or students desltifor other careers. We shall only discuss thie ma
principles here.

Computer scientists: Training in computer science has existed long ehdagthe curriculum of a
computer scientist to be well understood, evengiiicant nuances remain. Training of computer
scientists must constantly be adapted accordinghéo most recent developments in research.
However, one should not be mistaken. While new pectsl are launched at a rapid pace for
commercial systems, computer science is evolvirggratich more reasonable speed.

The importance of mathematics in learning compstéegnce implies solid training in this area. This
is essential so that students can really learm#s&cs of computer science. Most computer scisntist
we train do not work in the computer industry, lagtoss the spectrum of other industries, even
actively taking part in research in other fieldselimedicine, biology or nuclear power, for example.
It is therefore important to give students in cotepiscience solid training in scientific basics and
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avoid the temptation of overspecialisation in cotepgcience. General training in mathematics and
experimental sciences is vital for them to findith@ace over the long term in a rapidly evolving
world.

Engineers and scientists in general: We have already insisted on the importance of itrgin
engineers in professions directly related to compstience in preserving the competitive edge of
our industries. Training in computer science fogieaers and scientists in other fields requires the
same special attention. One French specificithésdath to excellence in the training of engineers
and scientists through preparatory schools d&Biindes Ecoles(leading higher education
institutions). This path leads a large share oflestils to an engineering degree at the same level as
the third or fourth year of university studies iratimematics and physics. It is essential to define
similar objectives in computer science. This meagiaforcing training in computer science in
preparatory schools - and this has started. Maginearing schools grant a great deal of importance
to training in computer science. It is importantettsure course content is appropriate and, agistate
before, that the basics are not overlooked in fawduools and techniques that could soon become
obsolete. At university level, computer sciencalisady present in most scientific programmes. This
movement should be encouraged.

Other students: It makes sense that training in computer sciencada-scientific students includes

a general part intended to broaden their genetalreuin the field and another part oriented more

specifically according to their training and futymefession. We should note that a growing number
of American universities, such as Princeton, offierintroductory course in computer science that is
taken by the vast majority of students. A studentinema can take more specialised courses in
image processing or synthesis and special efédtdsvards a student in business administration can
study information systems in greater depth; a stude architecture can study computational

geometry, etc. For these students as well, weoaighing on the necessity of a global approacheo th

problem of teaching. To the extent that in the meitaomputer science will be the object of real

training in secondary school, they will be abletasxe only specialised courses adapted to their
discipline if they so desire. However, this is emtty not the case.

The main risk seems to be that in certain degregrammes, out of ignorance regarding the real
nature of the subject and due to a lack of qudlifeeachers in computer science, the courses fatus o
the use of tools without devoting serious thoughte underlying concepts.

Professional development in all sectérs

Professional development plays an essential ratemmputer science from a dual point of view. First,
it will bring generations that have learned theitsa®f computer science up to level. For these
individuals, this will in fact be initial trainingh computer science, but in differed mode. Secantlly
will allow everyone to keep abreast of changeshim field, in a world where we are constantly
confronted with the advent of new tools and corgelpt this area, training content is usually highly
contextualised according to the professional skaigeted. Generally speaking, it is important to
remain aware that training in concepts, as oppdsespecific tools, often ensures the long-term
success of these initiatives.

The use of MOOC allows the implementation of tigjige of training on a large scale and a shared
basis, in cooperation with large continuing traghiorganisations. Popular education in computer
sciences also involves the sharing of online cdntencooperation with actors in scientific and
technical culture. Such content can serve as auresdor local initiatives promoting scientific
dissemination, as is already the case to a cedtree.

" Extension of the former term "continuing education
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Teacher training and status

Teacher training is a top priority

Teacher training and status in general is the olgeenany questions that this report alone is not
intended to address as they concern all discipliHesvever, it is possible to suggest some general
principles to ensure computer science is taughall &vels by teachers who are well-trained, atés
case for other disciplines. The first of these gples is that, apart from historical consideragion
there is no valid reason to treat computer scielifterently from other disciplines.

At each level it is important to treat initial tnang at the ESPEHcole Supérieure du Professorat et
de 'Education/ teacher's college) differently from professiodavelopment of teachers who are
already active in the field.

Primary school

At the kindergarten and primary levels it is nostmary to call on specific teachers for each
discipline and it does not seem advisable to diosacomputer science. It is therefore necessary to
include computer science in the curriculum of pmynschool teachers, just like other disciplines, so
that they can teach it in the same manner.

It is also necessary to propose training to prinstyool teachers who are already working in the
field. Regarding this point, it is important to adhat existing solutions set up to train a fewetoz
teachers a year are grossly inadequate. We needl aational training plan if we want to tackle
computer illiteracy in our country today.

Middle school

In our opinion, the question of training for middéiehool teachers deserves particular attentios. It
currently based on two divisions between discig@ingciences are traditionally taught separately,
with classes in mathematics, physics, chemistig,sciences and earth sciences. However, the same
teacher can be competent in several areas, teabbitgphysics and chemistry or life and earth
sciences. Conversely, in technology, techniquesrad&ionally taught as an ensemble: technology is
not broken down into mechanical engineering, eieaitrengineering, biotechnologies, etc. This
division is not written in stone, as tAeadémie des sciencasd theAcadémie des technologieave
promoted, since 2006, experiments in ElIfHnseignement Intégré de Science et Technologie/
integrated teaching of science and technology).

We need to study the position of computer scienitieinvthis framework. First, computer science is
both a science and a technique and it is not plessibrestrict one of these two aspects without
severely mutilating it. Furthermore, computer aaftvgare engineering are too specific to blend into
a vast ensemble that would also include, for examplechanical and electrical engineering. Finally,
while computer science is partly a technique whmsgose is to construct objects, these objects are
often abstract in nature. It therefore seems imples integrate computer science within training
technology at middle-school level, which is oriehtaound material objects. Training in computer
science should be sufficiently specific and ensurgdeachers specifically trained at Masters level,
even if it must obviously interact with other sutige Otherwise, if it is too diluted it there is a
considerable risk of it losing its relevance.

Secondary school

As is the case for all other disciplines, a tea@tghe secondary-school level should have a minima
level corresponding to four to five years after accalaureate. This principle can be put into

26



practice by setting up competitive exams in compstgence, similar to the ones that already exist
for traditional subjects, and recruiting teacherhva Master in computer science, etc. It is pdssib
to envisage more open solutions such as by usadhées in other disciplines having partial training
in computer science, as is the case in the final y¢ secondary school for ISNhformatique et
Sciences du Numériquepecialisation in computer and digital scienaed)y following the proposal
put forward by theAcadémie des sciences2007 of a CAPES competitive exam with a majod a
minor, either of which could be in computer sciendewever, we must be very wary of diluting
supposedly minor subjects, which is a valid conmlaggarding chemistry compared to physics or
earth sciences compared to life sciences. For ebearhpving only mathematics teachers ensure
courses in computer science could lead to traimngnly part of the subject, the part most closely
related to mathematics, which would not corresporitie objective cited earlier in this report.

One idea worth exploring consists in sharing mdats/een universities and secondary schools and
even middle schools. Strong ties existed betweendfr universities and secondary schools up until
the 20th century, but unfortunately have since kaissolved. The introduction of a new scientific
discipline could be a way to revive them. Howewese should note that this only displaces the
problem since university computer science departsnae often understaffed.

Learning on line: The development of MOOC (massive open online ca)irsters a new lever for
improving continuous teacher training with potelhigignificant economies of scale. Experimental
forms have been set up to support teacher trainitige specialised ISN programmiaformatique et
Sciences du Numériqguedmputer and digital sciences) in the final ydasexondary school, and we
already have feedback regarding their advantages liamtations. Online courses can serve to
support solid traditional courses, providing theg eooted in concrete communities. Then they can
contribute to the creation of privileged ties betweaesearch-lecturers and middle- or secondary-
school teachers, which form the basis of such conities. The collaborative aspect of online
courses can reinforce this synergy as well as ltheirgg of course content and practices, on both the
national and local level.
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Training in computer science around theworld

The idea of teaching computer science in schodkssdaack to the 1960s. This general training was
first implemented in the 19785 During the 1980s new general courses in commaience were set
up, mostly as electives. In the second part ofdbeade there was a shift in interest among public
authorities, all over the world, towards the impértation of new computing tools. In the years 2000
there was an awareness of the need to confirm cimpkills among students. Then, in the second
half of that decade, specific courses in computeense were set up in industrialised as well as
developing countries, with great diversity existingtween nations and sometimes even within in
them.

The following lines present a summary of researut r@ports published before 10 December 2012.
The purpose of this section is to offer an imaga situation that is rapidly changing.

Contrasting situations throughout the world, with growing interest in the teaching
of computer science

The terminology used around the world to describ@ing in computer science varies and in the
same way there is a wide variety of ages and lepklgaining at which different concepts are
introduced. We should make the distinction betwego types of training: courses focused on
familiarising students with the use of informatitethnologies (IT, ICT) according to a so-called
integrated approach, and specialised training impzder science. Familiarisation with uses is
particularly present in the lower levels of edumatisystems (IT literacy). This is much more
widespread than training in computer science.

In countries where computers science is taughtethee different approaches as to the importance of
practical realisations and learning theoreticaloemts. However, the orientations adopted generally
concern computational thinking, with a significahtare of the programme devoted to algorithms and
programming. Programming languages are not alwpgsifsied as the focus is on the acquisition of
concepts. Some countries introduce networks aratnrdtion systems management as early as the
end of secondary school.

A comparison of five cases (Finland, Japan, Masssetts, Ontario and Singapore) conducted by the
Royal Societ} shows that the age at which specialised coursesniputer science are introduced
varies from 12 to 16.

An overview of the current situation in Europe

In Europe, at primary and general secondary lemetst countries have considered computing, up
until recently, as a set of tools that can be useatevelop skills in other disciplines rather tfzan
discipline in its own right.

Regarding the secondary level, and especially sirgrschool, several countries teach computer
science as an independent discipline, with aniafffrogramme, specifically trained teachers and
dedicated course hours. We can note a wide vasfagrms for this disciplindCT, IT literacy,
Informatics Computer Science&ourses entitled Computer Science are based emocemputer

18 CERI-OECD. (1971)L’Enseignement de I'Informatique a 'Ecole SecomedEducation in computer science at
secondary school leveParis: OECD

19 Source : International Comparison of Computin§amools, Report for the Royal Society, L. Sturmad. &izmur,
September 2011
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science as it is understood in this report. Fogpammes referred to as ICT (information and
communications technology) or IT literacy situasaran vary. Generally they involve the use of a
range of applications and knowledge of how computerk.

However, some countries explicitly include develgpprogramming aptitude in their course
objectives (notably in Germany, Greece, Spainy lfabland and now the UK) Furthermore, there
is a great deal of diversity regarding the stafusaining in computer science, depending on tipety
of courses offered: some countries have mandatargses, others have electives, others are
currently trying to integrate skills and knowledgecomputer science within existing disciplines.

It is important to note a recent trend towards enpnting specific curricula in computer science.
We will discuss two examples here: the United Kmgdand Germany.

The example of the UK

The UK has recently experienced changes that ateulntedly representative of a more general
trend. Information and communications technoloti@ge been part of the national programme for a
long time. However, important changes have beesntgcannounced in response to severe criticism
of this training.

In 2010 the Royal Society of London set up a taskd whose assignment was to study education in
computer science. The title of the report submite?l01F* speaks for itself: Shut down or

restart?” The report concluded that it is vital to changeway computer science is taught,
essentially based on ICT, and to focus on com@mdience instead.

At the same timeComputer At Scho@CAS), a group of teachers and professionals inpzaimg,

has proposed creating courses in computer séiednelune 2012, Michael Grove, secretary of state
for education, announced the end of courses init@Fder to allow schools to propose a real
programme in computer science. He encouraged tberdpt the programme proposed by CAS.

In February 2013 it was announced that computensei would now be part of education in science
and A-level exams with the same status as physhesnistry or biology.

Shut down or restart A few recommendations from the Royal Society

The question of terminology seems essential: thertgecommends not using the vague term ICT, dhierDigital
Literacy, Computer Sciencandinformation TechnologyEach of these terms is defined in detail. Theaigazzy
terminology is seen as having a highly negativeafbn the creation of consistent policies.

Teacher training is a vital stake: in the UK on§#8of ICT teachers are trained in the subject.

The existing A-level exam in ICT has fallen outf@four. The failure of this A-level is due to akaaf coordination with
higher education, which does not admit studentleruniversity degree programmes that normally khaccept them.
In order to revive this A-level more concerted efaare required.

Training in computing (including computer scienseaadiscipline) is recommended. It is proposeddhage 14 students
should have the basic knowledge they need to makalanformed choice as to whether or not to pergaining in
computer science. This question of a "well-infornchdice" is also deemed important in the analysgeader issues. A
complementary study conducted in different countries (Japan, Finlé@etbia...) confirms this analysis.

2 Eurydice, 2001, op cite p 39.

2 http://royalsociety.org/uploadedFiles/Royal Sogiébntent/education/policy/computing-in-schools/24 -12-
Computin-in-Schools.pdf

22 Computer science as a school subject. Seizingghertunity. CAS. March 2012

http://www.computingatschool.org.uk/index.php?idedments

2 http://www.nfer.ac.uk/nfer/publications/cis101/did1pdf
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The example of Germany

In Germany, a federal republic, the situation \&frem state to state. Overall, an integrated agagrao
information technologies, seen as tools in othseidlines, has been adopted for the most paregbiimary
level. As for the middle- and secondary-school levi@ most states, except for three, the genecgramme
includes courses in computer science, which aheeihandatory or optiorfdl Bavaria in particular has had
mandatory classes in computer science since 138&dRchers at the University of Munich took part in
writing the curricula and have continued to worleaustained pace on the didactics of computensef

In 2008, theGesellschaftiir Informatik®, a special interest group of scientists and prajesss in computing,
has published a proposed curriculum for middle stshfup to age 16). Theinderthat have decided to
review their computer science programmes are wgrikirthe direction of this proposal.

Brief overview of the situation in the rest of therld

Asia is a vast region with many contrasting situagi International studies indicate there is atgnearest for
training in computer science starting at the seapndchool level (particularly in South Korea, Viain,
India, etc.). In India an optional course in congpugcience is offered for students age 14. Befusedage,
schools are free to offer training in computer sce2according to their means. There are severt#Litens
that establish programmes and certifications fbpbets. The two main organisations propose complete
curricula for training at the secondary-school I&véSince 2008 a group of university professors resb
working on a new curriculuff

The situation in Africa is also highly contrastéthwever, it is interesting to note that a certaimber of
countries, especially in Northern Africa, have ggicourses in computer science starting at the lessithool
level. Countries in Sub-Saharan Africa have algwest to offer specific training, as a means ofugimg
future developmefit

In Israef’, in 1990, the ministry of education conducted@jgut in order to elaborate a curriculum in
computer science for the secondary level. Thisnarmge was implemented in 1998 with the creatiotwof
programmes at the secondary-school level: one stoimgiin 270 hours divided into 3 modules devoted t
basics in computer science and a 450 hour prograwithés modules on advanced notions. Two modules on
fundamentals are mandatory and students can chebseen another four modules. Student course books
and teacher's manuals have been published. Theetsaecruited must have at least a Bachelor irpooen
sciencé'. The students are assessed by a final exam. @yraecurriculum for middle schools is being
created. It includes a mandatory and an optiorral phe programme is focused on programming, raBoti

and the use of spreadsheets in scientific fieltis. Stated objective is to interest students imsidie fields.

%4 Synopse zum Informatikunterricht in Deutschlandtarrug 2010. Online:
http://dil.inf.tu/dresden.de/uploads/media/Bakkatatsarbeit Isabelle_Starruss 01.pdf

% See the work of Peter Hubwieser

% GrundsStze une Standards fiir die Informatik inStgrule Onlinehttp://www.informatikstandards.de

%" See the Council for the Indian Certificate Exartiotes and the curriculum proposed by the CentralrBof Secondary

Education: http://www.cbse.nic.in/'welcome.htm

2 Model Computer Science Curriculum for School,deals. 2010

29 We should note the very recent implementationoofrses in “Information and Communication Technasti

announced in Ivory Coast for kindergarten to thalfyear of middle school: http://www.education-

ci.org/portail/node/250

%0 Source: " A Model for Secondary-School Computdéeee Education: The Four Key Elements that Malke ©.

Hazzan, J. Gar-Ezer and L. Blum, SIGCSE’08, Mar@d& Portland, Oregon, USA

31 Ragonis, N., Hazzan, O., & Gal-Ezer, J. (20103ufvey of computer science teacher preparationranogin Israel

tells us: computer science deserves a designateddary-school teacher preparation! In Proceedifigise 41st ACM

technical symposium on Computer science educatipn401-405)
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Summary

The foreign experiments presented here show thaleimenting a programme in computer science takes ti
and implies satisfying a certain number of conditio

» Clarification of the terminology used: Countrieslsias Germany and Israel, which have designed and
implemented curricula in computer science, do Bensto have had this debate on terminology. They
have adopted the terms Computer Science and Infesna

» Design of a complete curriculum: In several cowstrassociations or special interest groups gatherin
researchers, scientists and specialists in educéizwve proposed complete curricula in computer
science for middle- and secondary-school levelss Ehnotably the case in Germany, Israel, Ontario
and the United States. These curricula have greaihgributed to the creation of courses and their
implementation in schools. One advantage is theyige a clear description of what computer science
is.

* Implementation of robust teacher training or reioneint of teachers with a Bachelor level in computer
science. In several countries, the relative failafelCT-oriented programmes is due to a lack of
teacher training (see in particular the box devatethe UK). Countries that have created a training
programme in computer science, like Israel, hage ahade an important effort in training and/or
recruiting qualified teachers.
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