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Abstract. This report entangles the endeavors undertaken during the IOI Workshop “Creating
an International Informatics Curriculum for Primary and High School Education”. Considering
the need to discuss the role of informatics in the primary and secondary education, the Workshop
participants tried to encapsulate several activities that might give insight on how to treat this is-
sue with success. An overview of the current situation with the informatics education in thirteen
countries was presented. Further, a group work took place considering relevant topics in creating
informatics curricula and computational thinking. A fruitful discussion that considered establish-
ing guidelines and further steps in creating informatics curricula and some ways to promote infor-
matics concluded the Workshop.
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1. Introduction

The IOI Workshop “Creating an International Informatics Curriculum for Primary and
High School Education” took place from 19-24.04.2015 in Bitola, Macedonia. It gath-
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ered 16 people coming from the following countries: Belgium, Brazil, Bulgaria, Croatia,
Estonia, Hungary, Lithuania, Macedonia, Serbia and Slovenia. It also included 2 Skype
presentations coming from New Zealand and Bolivia, and a submission coming from
India. There were three different sets of activities that took place on this Workshop:

1) Country presentations, including tutorials on Tools used in some of the countries.
2) Workgroup activities.
3) Conclusions, results, recommendations and further steps that should be taken.

In the sequel of this document an elaboration on all of the activities is presented.
The next chapter gives an overview of the details of the primary and the secondary
school curricula in the countries whose representatives presented on this 101 Work-
shop. The effort done in four different workgroups considering relevant topics in cre-
ating informatics curricula and computational thinking is presented in chapter three.
The recommendations, conclusions and the possible further steps are given at the end
of this report.

2. Participating Countries’ Specifics

During the I0I Workshop each country representative presented the specifics of the pri-
mary and the secondary school curricula in his own country. Some of the characteristics
and best practices that each country presented from their specific experience in informat-
ics education are given in the sequel:

e Belgium: Neither Informatics nor ICT is in the official curriculum in Belgium.
Some efforts are made through informal teaching: 1) Encourage participation to
first stages of contests (IOI, Bebras...) for everyone, making them easier. 2) Orga-
nise workshops and fairs to promote informatics at large.

e Bolivia: There is not enough staff for teaching Competitive Programming; how-
ever there is a community of ICPC contestants that helps the school students in
order to prepare for national and international contests. There isn’t any standard
about CS in schools, but the schools start to use as a standard the Syllabus of 101
Bolivia which is used for the local contests.

The most known and used path is the syllabus that starts from 10 years old
children (or 5th of primary) and is divided in 4 level of contests (Level 0: Operat-
ing Systems (Windows and Linux), Level 1: Introduction to Programming with
videogames (Scratch, Kodu or other), Level 2: Basic Programming (until Arrays),
Level 3: Advanced Programming (Data Structures including Graphs)).

e Brazil: In Brazil there is no ICT or Programming in the official curriculum, ex-
cept at Professional Education Courses. A new program started, but only in a few
schools, to include Informatics as “complementary activities” at Primary and Sec-
ondary levels, involving only Digital Literacy and ICT.

e Bulgaria: There are two curricula in parallel: IT curriculum (Computer system,
Organization of data and information carriers, Image processing...) and Informat-
ics curriculum (Math foundation — binary system, propositional logic, formal lan-
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guages, computer architecture, operating system, introduction to algorithms and
data structures, programming). Most of the regular schools have no teachers in
Informatics and do not really teach Informatics.

Croatia: Informatics in primary schools is an elective subject, attended only by a
small number of pupils. The teaching plan consists of basics of using the computer,
using Office applications and principles of programming. Because of the enthu-
siasm of the teachers, there are groups where something more on programming
can be learned. In secondary schools, informatics is mandatory but in most of the
schools only for one year. Only in math-science gymnasiums, the programming
and teaching of logical thinking are present through all four years. Preparing for
programming competitions is part of additional elective informatics. In the creation
of the new curriculum that has started recently, there is a plan to have informatics
as mandatory subject in primary schools.

Estonia: Some of the recommendations are: 1) Teachers should have some free-
dom in the curriculum to have the option to choose what and how they want to
teach; 2) Various learning and teaching materials should be created systematically
and made publicly available online for free; 3) Constant teacher trainings should be
provided to keep teachers aware of the currently most suitable software for these
activities and able to search for suitable tools; 4) Informatics should be viewed as
an independent scientific subject including elements of programming; 5) Society
(pupils, teachers, parents, municipality, stakeholders, researchers, etc.) should be
included in raising the awareness of the importance of informatics; 6) Extra cur-
riculum activities and competitions should be supported to increase the motivation
of pupils learning IT.

Hungary: 1) It is very late to teach the fundamentals of informatics as a science in
secondary school, it is a must to begin it in an early primaries; 2) Informatics means
Information and Communication Technology (ICT), Computer Science (CS) and
Digital Literacy (DL), altogether.

India: Due to the lack of infrastructural facilities like electricity (43%), broadband
connectivity, computers (76%), and qualified teachers, the teaching of computer
programming is currently restricted to urban cities and towns of India.

Lithuania: 1) Learning by contests (introducing Bebras tasks); 2) Involving vari-
ous players in informatics education: pupils, teachers, parents, municipality, stake-
holders, researchers...) creating resources for teaching and learning informatics
available to everybody (description of methods, exercises, learning objects...).
Macedonia: 1) Introducing programming in primary school as an elective subject
in one of the last two years of study; 2) Most of the topics covered in the informat-
ics courses are related to programming; 3) Intention to introduce programming and
algorithmic thinking starting from the first grade, and also in the lower grades as
a part of the other subjects; 4) Most of the pupils interested in programming are
attracted through the competitions.

New Zealand: There is no compulsory Computational Thinking or Computer
Science in years 1 to 10. In years 11 to 13 there have been elective standards in
Programming and Computer Science, phased in since 2011. So far numbers are
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small. Teachers have lacked Ministry funded professional development to learn
Programming although there has been support for “the big ideas” of Computer
Science through CS4HS workshops and a student and teacher website. School and
parental awareness of the need for CT in the curriculum at all year levels is slowly
gathering strength.

e Serbia: In the elementary school there are elective IT courses in grades 5 and 6
(36hrs), oriented to computer use (including modeling with Scratch), and also in
grades 7 and 8 (34hrs). Plus additional hours of ICT are “integrated into other dis-
ciplines”. In Gymnasiums, informatics is taught with one or two classes per week,
which is really low compared to other important courses. The aim of the course is
the acquisition of basic computing literacy and training students to use computers
in their further education and work. Unfortunately, the emphasis is far from the
algorithmic nature.

e Slovenia: The informatics curriculum in Slovenia is on a satisfactory level in the
first few years (primary school), where students have the option to learn the basics
of algorithmic thinking and programming, but it declines rapidly from then on.
Currently, informatics is mandatory only in the secondary schools, where only 70
hours are assigned. A big problem is the lack of qualified teachers, which is (pro-
bably) due to low salaries and the lack of interest for the profession. “Best” prac-
tices: Competitions are excellent for attracting young pupils into the field and they
motivate them to refine their skills. Due to the currently minuscule curriculum, the
best competitors think they already learned everything and very often decide to
continue their university studies in some other field.

3. Work Group Reports

Additional work has been done in 4 work groups. The specifics of the analyses done by
every workgroup are given below.

3.1. Methodology of Creating an International School Curriculum
for Informatics and Information Technologies (ISCIIT)

This group’s first objective was to study the available curricula for computer science
and informatics technologies for undergraduate students. The recommendations from
IEEE and ACM were overviewed, as well as the learning standards recommended by the
Computer Science Teachers Association, Computing at School Working Group and the
Australian Curriculum. The main goal was to provide a set of recommendations for the
creation of programs for informatics in primary and secondary schools.

The Curriculum Guidelines should identify a body of knowledge, set of learning
outcomes, core and curriculum models. The body of knowledge needs to be organized
by knowledge areas that are broken down into units. Each unit is further subdivided into
a set of topics. The age when a set of topics should be introduced must be specified.
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3.2. Analysis of the Joint Report from Informatics Europe and ACM Europe

The report analyzed by this group was developed by a group of experts from academia
and industry representing the two principal scientific societies in the field, Informatics
Europe and ACM Europe. More resources: (Barr and Stephenson, 2011), (Delors, 1996),
(Kingfield, 2012), (Snyder, 1999), (Snyder, 2005).

Based on the analysis of the current situation and of experiences in many countries
across Europe, this report makes four key recommendations:

e All students should benefit from education in digital literacy, starting from an
early age and mastering the basic concepts by the age of 12. Digital literacy educa-
tion should emphasize not only skills, but also the principles and practices of using
them effectively and ethically.

o All students should benefit from education in informatics as an independent sci-
entific subject, studied both for its intrinsic intellectual and educational value and
for its applications to other disciplines.

o A large-scale teacher training program should urgently be started. To bootstrap
the process in the short term, creative solutions should be developed involving
school teachers paired with experts from academia and industry.

e The definition of informatics curricula should rely on the considerable body
of existing work on the topic and the specific recommendations of the present
report.

3.3. Computational Thinking

One of the main goals for computer science should be to teach computational thin-
king, just as the mathematics’ main goal is to teach logical thinking and to increase
problem solving skills. This should be achieved by incorporating the concepts of com-
putational thinking into most/all courses as the implementation of these concepts is
interdisciplinary. The process can benefit from computer scientists, who can promote
understanding of how to bring computational processes to bear on problems in other
fields. Also this can help students understand processes as algorithmic. In addition to
incorporating these skills formally in the classroom, research regarding the implemen-
tation of computational thinking skills in informal education also provides valuable
insights.

However, embedding computational thinking in primary and secondary education
requires a practical approach, for example:

e What would computational thinking look like in the classroom?

e What are the skills that students would demonstrate?

e What would a teacher need in order to put computational thinking into practice?
e What are teachers already doing that could be modified and extended?

More resources: (Barr and Stephenson, 2011), (Brennan and Resnick, 2012), (Lee
et al.,2011), (Mannila et al., 2014), (Wing, 2006), (Wing, 2011).
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3.4. Preparing a Template for Gathering Data for a Catalogue of Experiences

The purpose of this sub-group was to provide a process and a framework for producing
a “Catalogue of Existing Experiences” in Informatics and Computer Science at Schools,
in different countries.

Some documents have been reviewed, such as (Guerra et al., 2012).

After some discussion it was decided that the best way to produce such a catalogue
was to use the IOl community as an input, preparing a questionnaire to be sent to 101
leaders and deputy leaders. It was decided that the questionnaire should be divided into
two sections: one with more general information (for example, about the organization of
education and of schools), and one with more specific information (for example, which
topics are taught at each grade).

The agreement has been made to prepare a questionnaire which should be dissemi-
nated to 5-10 valuable teachers in IOI participating countries. It is expected that this
questionnaire will gather valuable data that will be used as a basis for building future
informatics curricula.

4. Conclusions and Recommendations

The activities that took place in the IOl Workshop “Creating an International Informa-
tics Curriculum for Primary and High School Education” lead to several conclusions and
recommendations. They are sublimated below:

1. Primary and secondary levels of education (ages 6 through 19) need to incorporate
informatics. As the experience in many European countries has shown, pupils by
the age of 12 can be educated, and the education must cover the technical usage of
IT tools as well as the rules on how to use them safely, effectively and ethically.

2. Informatics should become a mandatory subject in schools.

. Combining formal and informal education should be supported.

4. Various methods of teaching and learning informatics fundamentals should be used
at primary school: tools that use visual block based programming, learning through
games, game creation, robotics, CS unplugged etc.

5. For advanced informatics curricula, modular design is highly recommended.

6. Informatics ought to be thought by teachers trained in informatics.

7. Constant teacher training should be carried out due to the constant changes in the
field of informatics.

8. Country specifics should be considered when developing informatics curriculum.

W
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