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This article describes the state of informatics education in the Italian secondary schools, highlighting how
the learning objectives set up by the Ministry of Education are difficult to meet, due to the fact that the
subject is often taught by teachers not holding an informatics degree, the lack of suitable teaching material
and the expectations of pupils and families, who tend to identify informatics with the use of computer
applications.
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1. MOTIVATION

Several researchers have noted how a number of cultural approaches merge in
the term informatics (which we prefer to the more common terms computing and
computer science). For example, Mirolo [2003] distinguishes: (1) informatics as a
science, providing its own peculiar key to interpret reality and its specific approach to
problem solving; (2) informatics as a technology, concerning the characteristics, struc-
ture and working principles of the now ubiquitous hardware and software devices;
(3) informatics as an instrument, providing practical tools in many different contexts.

Some widespread initiatives have put most of the emphasis on the instrumental
approach: for example, the European Computer Driving Licence (ECDL) initiative
has been typically focused on this aspect and it has had great popularity in Italian
secondary schools. Indeed, in the last two decades, in Italy most of the informatics
education not explicitly directed to the forthcoming experts of the field was aimed at
achieving a generic digital literacy.

However, we believe that the contribution informatics can give to education is much
broader. Moreover, a recent UK report [Royal Society 2012] gives several pieces of
evidence on how an approach mainly focused on the instrumental value of Information
and Communication Technologies (ICTs) failed to lead pupils and teachers to develop
any real understanding in computing. Besides, [CSTA Curriculum Improvement Task
Force 2005] clearly identifies that there is an incorrect public image of the discipline
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among outsiders, but also among “students, prospective teachers, in-service teachers,
and others involved in computer science education.” In Italy the situation is not differ-
ent: even if a recent reform of secondary schools (described in Section 2) introduced,
among the learning objectives, several topics clearly oriented to the scientific and tech-
nological sides of informatics, the state of the actual teaching is still predominantly
focused on applications. We identified some critical points: (1) teachers responsible for
teaching informatics do not necessarily hold a degree in informatics or computer sci-
ence related field (see Section 2); (2) there are no consolidated practices for informatics
education, especially for classes where this subject has been introduced only recently;
(3) the available textbooks typically focus on technological and instrumental aspects;
(4) teachers are put under pressure from parents and media about short-term digital
literacy, rather than on long-term understanding of computing issues.

The next section describes the state of informatics education in the Italian secondary
schools as designed by the recent reform, while Section 3 presents some final remarks.

2. INFORMATICS IN ITALIAN SECONDARY SCHOOLS

The secondary school system in Italy is organized on two levels: (1) Lower secondary
education,! grades 6th to 8th (pupils aged 11-13); (2) Upper secondary education,?
grades 9th to 13th (pupils aged 14-18). Between 1997 and 2010 it was repeatedly
reformed? in many aspects. These reforms were mainly aimed at simplifying and har-
monizing the structure of the whole educational system [Briguglio 2011].

Schooling is compulsory for ten years, thus pupils normally have to attend school
until the age of 16 (grade 10th). The Ministry of Education establishes curricula and
learning objectives centrally, but schools have a form of autonomy in their implemen-
tations. Teacher qualification for accessing the profession is also under revision: the
planned idea is to have teachers with a bachelor’s degree in the discipline and a two-
year master in discipline teaching. Such courses have not been activated yet, how-
ever. Recently, a transitional regime started, during which people who hold a master’s
degree may attend a one-year qualification course, called “Tirocinio Formativo Attivo”
(TFA). Both before the reform and now, the key requirement for teaching in secondary
schools is a master’s degree. Anyway, the mapping between specific degrees and
taught subjects is very complex: the current situation can be checked through a Web
application? published by the Ministry of Education.

2.1. Lower Secondary Education

The lower secondary education (503,933 pupils®) level is planned over three years, with
pupils attending school 30—40 hours per week for 33 weeks. Informatics is not a subject
taught by itself, but pupils attend 6-9 hours per week of “Maths and Science” and
two hours of “Technology” in which informatics should be introduced: the law [DL59
2004] mandates that the lower secondary school shall “organize and augment skills
and knowledge about contemporary society also through ICT.”

Qualification of Maths and Science or Technology teachers varies a lot: Math and Sci-
ence can be taught by instructors with a master’s degree in Mathematics, Astronomy,
Chemistry, Physics, Biology and other natural sciences (but not Informatics); Tech-
nology can be taught by instructors with a master’s degree in Architecture, Urban

Ttalian name: Scuola secondaria di primo grado.

2Ttalian name: Scuola secondaria di secondo grado.

3For a survey of informatics education in Italy before the reform see Cartelli [2002].
4http://hubmiur.pubblica.istruzione.it/PRTA-TitoliAccesso/avvio.action, in Italian.

5All the figures refer to the year 2013 subscriptions to the initial grade [MIUR 2013a, 2013b].
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Planning, Industrial Chemistry, Engineering and other technology oriented degrees
(but not Informatics). As a result, teachers with a formal education in informatics are
rare, since this is not required, and the exposure of pupils to informatics in most cases
is minimal or limited to the use of office productivity tools.

2.2. Upper Secondary Education

The upper secondary education (515,807 pupils), generally planned over five years, is
rather diversified and dozens of different schools exist. However, the main distinction
is among three kinds of education:

— Lyceum (253,091 pupils), aimed at a general education typically refined with fur-
ther tertiary studies and available with different main focuses®: Classical (31,591),
Scientific (117,439), Linguistic (43,172), Artistic (20,823), Music (2,956), Human
Sciences (34,611);

— Technical schools (161,873 pupils), vocational education with two main orienta-
tions”: Economics (65,919) and Technology (95,954);

— Professional schools (93,641 pupils), vocational education with two main orienta-
tions®: Services (25,484) and Manufacturing (68,157).

The Ministry of Education has published some guidelines describing learning objec-
tives and the profile of successful students. In discussing the role of informatics we
refer to them, even if the implementation in schools is not complete yet.

2.2.1. Lyceum. As an independent subject, Informatics is planned only in a special
curriculum of the Scientific Lyceum, focused on Applied Sciences (32,431 pupils). How-
ever, for all the Lyceum schools in the first two years Mathematics should also include
“Elements of informatics” according to the guide [DPR89 2010].

the student shall familiarize with software tools with the explicit goal of
managing mathematical entities and he or she shall study the techniques
to represent text and multimedia data. A fundamental topic shall be the
concept of algorithm and algorithmic strategies to solve simple problems for
which simple models exist; moreover he or she shall study the concepts of
computable function, decidability and related simple examples.

In the Applied Sciences Scientific Lyceum, Informatics has two hours per week
during all the five years. The lessons should include most of the main topics of the
discipline: hardware architectures, operating systems, algorithms and programming
languages, computer networks, databases, numerical simulations. However, all the
post-reform textbooks we analyzed focus on ICT tools and introduce just a bit of
programming, and in some cases also cover query and mark-up languages.

As far as teacher qualification is concerned: in the Lyceum Mathematics can be
taught by instructors with a master’s degree in Mathematics, Physics, Informatics,
Statistics, or Engineering; Informatics can be taught by instructors with a master’s de-
gree in Informatics, Physics, Mathematics, some Engineering (Information, Industrial,
Telecommunication, Electronics, Aerospatial).

2.2.2. Technical Schools. Technical schools provide vocational education to pupils eager
to work in administrative or technological areas.

6http:/nuovilicei.indire.it/, in Italian.
Thttp://nuovitecnici.indire.it/, in Italian.
8http://nuoviprofessionali.indire.it/, in Italian.
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Technical school in the sector of Economics. For the administrative area the main
emphasis is on the potentialities of ICT as a means to reorganize firms. Informatics
has two hours per week for the first four years. Besides, there is a special course in
Information Systems, which has four hours in the third year and five hours in the
fourth and fifth years. Informatics should provide knowledge about: information, data,
and codification; computer architecture; human-computer communication; structure
and functionalities of an operating system; software tools and Enterprise Resource
Planning; problems, algorithms and their representation; data organization; funda-
mentals of programming; structure of a computer network; Internet and email; privacy
and copyright issues. Such course should help students

use networks and software tools for their study activities; choose and exploit
modern forms of visual and multimedia communication, also with a refer-
ence to their use in networks; master technological tools with a special at-
tention to safety and environmental friendliness; operate in the information
system of a firm and contribute to its organizational and technological in-
novation; effectively elaborate, interpret, and represent business data with
software tools; analyze social and business phenomena with mathematical
and software tools. [DPR89:tech 2010]

Technical school in the sector of Technology. In this area there is a specific curricu-
lum on Informatics, with several courses in which the discipline is taught: Technology
of Informatics (three hours per week in the 1st year), Science and Applied Technology
(three hours per week in the 2nd year), Informatics (six hours per week from the 3rd
year to the 5th), Systems and Networks (four hours per week from the 3rd year to the
5th), Technology and System Design (three hours per week from the 3rd year to the
4th, four hours per week in the 5th), Project management (three hours per week in
the 5th year). The other curricula only have the Technology of Informatics course in
the 1st year®. Technology of Informatics should provide knowledge about: information,
data, and codification; computer architecture; human-computer communication; func-
tionalities of an operating system; software tools and applications; problem solving
and representation; fundamentals of programming; structure of a computer network;
Internet networking; privacy and copyright issues. Students should learn to:

use networks and software tools for their study activities; use procedures
and techniques to find innovative solutions in applied research contexts;
use methodological and cultural tools to face phenomena and problems of
the real world with a rational and critical approach. [DPR89:tech 2010]

2.2.3. Professional Schools. Informatics is taught in two courses titled “Technologies
for information and communication” and “Informatics and laboratory” (two hours per
week in the 1st and 2nd year). The high level objectives are very instrumental to the
main disciplines of the curriculum, but the knowledge to be proposed in the courses is
defined in terms analogous to the courses taught in the Technical schools.

2.2.4. Teacher Qualification. Teachers must hold a master’s degree in order to teach
in any upper secondary school. Moreover, in Italy in order to obtain a permanent
public job, candidates have to participate to a competitive exam. There exists a
specific section for Informatics, open to people with a degree in Informatics, Physics,
Mathematics, Information Engineering, Electronic Engineering, Telecommunication
Engineering, Industrial Engineering, Aerospatial Engineering, Nautical Sciences.

9There are two exceptions: the Telecommunication curriculum, in which Informatics only takes three hours
per week, and the Graphics curriculum that adds the Science and Applied Technology one.
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3. FINAL REMARKS AND CHALLENGES

Although, according to a recent reform, informatics should be taught within several
curricula in the Italian secondary schools, according to our contacts with teachers and
classes the learning objectives described in the previous section are far from being
met. Our impression is that such a situation is common in the whole secondary school
system. As a result, the power of informatics is often hindered by a predominant
focus on using computer applications and the discipline risks to be perceived as a
bag of ready-to-use recipes, with almost no space for creativity, understanding and
cleverness.

In order to experiment with a different approach, we started designing and im-
plementing special enrichment programs (see the website of our laboratory: http:/
aladdin.di.unimi.it) to introduce pupils to the topics of information representation and
algorithmics [Bellettini et al. 2012, 2013; Lonati et al. 2011], taking inspiration from
[Bell et al. 2012; Pattis 1981]. Our goal was to present abstract symbolic manipulations
in a very concrete way, but without starting from computers. Computers come at the
end, just to close the conceptual loop with the previous acquaintance of the pupils with
the ubiquitous ICT tools. We had the opportunity to test such activities in a lower-level
and in an upper-level secondary school. As a result, we could prepare a set of two-hour
workshops which were held to classes of 20-25 pupils, for a total of 26 classes during
2013 (the activities are ongoing, with 26 workshops currently planned in 2014). Our
intention was twofold: (i) to propose a methodological approach to informatics teachers,
and (ii) to present some core aspects of informatics to both pupils and teachers. The
feedback we received was very positive, both from pupils and teachers. Although an ex-
tensive evaluation and assessment of the workshops has not been done yet, we can say
that all classes participated with engagement in the proposed activities, collaborating,
discussing different points of view, and showing satisfaction for their achievements.
Many pupils admitted that their idea of informatics and of the job of ICT professionals
changed after they had attended the workshop. Thus, we believe our workshops could
represent a valuable experience to support teachers, and we want to use them as a
starting point for further action research.
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