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The study concentrated on some key questions concerning the integration of CT

skills in compulsory education:

+ What is the state of play on integrating CT in EU compulsory education
settings?

+ What are the core characteristics of CT and its relationship with computer
science, informatics and computing?

* How are (T skills being developed and assessed in EU compulsory education?

* How can computing education in the EU be improved?

Policy context

In the context of the Digital Education Action Plan 2021-2027, computing
education is one of the requirements defined for the priority “Enhancing digital
skills and competences for the digital transformation”. The aforementioned plan
points to the need to provide high-quality computing/Information Technology
education to all students in Europe: “Computing education [also known as
informatics or computer science in many countries] in schools allows young
people to gain a sound understanding of the digital world. Introducing pupils to
computing from an early age, through innovative and motivating approaches to
teaching, in formal and non-formal settings, can help develop problem-solving,
creativity, and collaboration skills. [...] A solid and scientific understanding of the
digital world can build on, and complement, broader digital skills development.”

There is a growing understanding that digital competence goes beyond basic
digital skills, so there is a need to understand better how CT skills contribute
to young people’s skillsets and competences essential for the digital world we
live in. This study links with other Joint Research Centre (JRC) studies on digital
competence for citizens (DigComp and DigCompSAT), teachers (DigCompEdu
and SELFIEforTEACHERS), and the digital capacity of schools (DigCompQOrg and
SELFIE).!

EXECUTIVE SUMMARY

European Commission President Ursula von der Leyen announced in her 2021
State of the Union address that digital education and skills “need leaders’ attention
and a structured dialogue at top-level”. This was echoed by Member State leaders
in the October 2021 European Council conclusions, which underlined the need to
focus on digital skills and education. Responding to this call, in October 2021 a
project group of nine Commissioners announced the launch of the Structured
Dialogue with Member States on digital education and skills. The Structured
Dialogue delivers on Action 1 of the Digital Education Action Plan 2021-2027 and
complements it by including digital skills in its scope. The dialogue invites Member
States to agree jointly on the key enabling factors to make digital education and
training effective and inclusive. It will include different branches and institutions of
government, from education and training institutions to infrastructure providers,
the private sector, social partners and civil society. The structured dialogue will
run until the end of 2022. Based on its outcomes, the Commission will prepare
proposals for two Council Recommendations by the end of the same year: on the
enabling factors for digital education and on improving the provision of digital
skills in education and training.

Key conclusions

Looking at the situation in the 29 European countries analysed for this report,
18 EU Member States (AT, BE, CY, EL, ES, FI, FR, HR, HU, IE, LT, LU, MT, PL, PT, RO,
SE, SK) and seven other European countries (CH, GE, IL, NO, RS, RU, UK-ENG)
have already introduced basic computer science concepts to some degree in
their statutory curriculum for developing CT skills. In addition, one Member State
(DK) is extensively piloting actions of this kind, while a further three are planning
policies in this direction (CZ, IT, SI). Out of the 29 analysed European countries,
12 Member States (AT, EL, FI, FR, HU, LT, LU, MT, PL, PT, SE, SK) and five other
European countries (CH, NO, RS, RU, UK-ENG) have introduced basic computer
science concepts as compulsory for study in both in primary and lower secondary
schools.
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for assessing CT skills are also commonly adopted. At the lower secondary level,
summative assessment of CT skills takes on a more significant role (e.q., via exams
and e-portfolios), and the focus is more on student mastery of programming tasks
and understanding of their proposed solutions.

However, these teaching and assessment approaches require pedagogical and
content knowledge that is yet to be acquired by most teachers involved in the
implementation of computing education at the compulsory level. Three main
challenges have emerged across primary and lower secondary education: by
far the most significant of these is teacher upskilling and support, followed by
competition with other curriculum priorities, and adoption of suitable assessment
methods. So key policy recommendations for quality computing education centre
around these three crucial areas.

A strong effort in providing professional development is called for to upskill
teachers in content and related pedagogy. This is particularly critical,
given that many teachers do not have a background in computing education.
Accordingly, a number of essential measures are required, such as (i) the provision
of quality training that involves medium and long-term training interventions,
enacted reqularly; and (ii) qualitative methodological support for teachers on how
to handle the progression between grade levels in teaching basic CS concepts in
an age-appropriate way, with the application of tools suitable for that purpose.
Teachers need to gain confidence with basic CS contents and appropriate,
sound pedagogical approaches that suit the nature and requirements of their
students. To this end, professional development should go hand-in-hand with
the activation of support measures with a marked emphasis on collaborative
peer-support actions among teachers, such as networking and the sharing of
experiences and concrete examples. Another essential measure in this direction
is access to suitable, high-quality learning materials provided by different sources

EXECUTIVE SUMMARY

like educational authorities, teachers, grassroots initiatives, and publishers.
Forming and sustaining school hubs that connect schools up for mutual support
can help raise and spread quality in computing education. Clearly, the steady
provision of adequate funding is necessary to ensure sustained teacher upskilling
and also to provide incentives for schools and teachers to engage in professional
development. From a long-term perspective, efforts should also be devoted to the
inclusion of basic computing within the pre-service education of school teachers.

Given that the integration of basic CS concepts in the curriculum is relatively novel
and is therefore in competition with more established curriculum priorities, it
is crucial to ensure that provisions for this are made at different decision-making
levels of the education system. In the first instance, this implies making adequate
space in national curricula to develop students’ Computational Thinking skills,
setting a minimum number of hours for the reqgular teaching of CS concepts.
Schools require sustained financial support so they can release staff to attend
professional development opportunities and have the digital infrastructure they
need to run activities like programming and educational robotics. Finally, when CT
skills are positioned as a cross-curricular theme, it is crucial to clearly formulate
and assign responsibility to teachers in charge of implementing basic CS concepts
within the teaching curriculum.

Dedicating more attention to defining clear strategies that help teachers in
formative and summative assessment is essential for improving quality
computing education and monitoring the development of students’ CT skills.
Detailed criteria for assessing CT skills should be defined, encompassing both
students’ ability to produce successful programming solutions and build up their
CT skills. Adoption of effective formative assessment methods is required so
that both students and teachers can gain timely feedback during class activities,
contributing to quality computing education. Another crucial assessment measure
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'étude s'est concentrée sur certaines questions clés concernant l'intéegration des

compétences en pensée informatique dans ['enseignement obligatoire:

* Quel est l'état d'avancement de l'intégration de la pensée informatique dans
les établissements d’enseignement obligatoire de 'UE?

*  Quelles sont les caractéristiques essentielles de la pensée informatique et
quelle est sa relation avec l'informatique?

« Comment les compétences en pensée informatique sont-elles développées
et évaluées dans 'enseignement obligatoire au sein de I'UE?

+ Comment peut-on ameliorer 'enseignement de l'informatique dans 'UE?

Contexte politique

Dans le cadre du Plan d’action pour l'’éducation numérique 2021-2027,
'enseignement de linformatique est l'une des exigences deéfinies sous la
priorité visant a “Renforcer les aptitudes et compeétences numeriques pour la
transformation numerique”. Le plan d’action sus-mentionneé souligne la nécessite
de dispenser un enseignement de haute qualité en informatique et technologies
de l'information a tous les éléves en Europe: “L'enseignement de l'informatique
(appelée également «science informatique» dans de nombreux pays) a l'école
permet aux jeunes de bien comprendre le monde numeérique. Le fait d'initier les
apprenants a linformatique des leur plus jeune age au moyen de methodes
d’enseignement innovantes et motivantes, tant dans des contextes formels
gu’informels, peut les aider a acquérir des compeétences en matiere de résolution
de problemes, de creéativité et de collaboration.[...] Une compréhension approfondie
et scientifigue du monde numeérique peut étre facilitée par le développement
de compétences numeriques plus générales et venir a son tour compléter ces
compeétences.”

Il est devenu de plus en plus évident que la compétence numérique va au-
dela des compétences numériques de base. Il est donc nécessaire de mieux
comprendre comment les compétences en pensee informatique contribuent a
lensemble des aptitudes et des compeétences des jeunes qui sont essentielles
dans le monde numeérique dans lequel nous vivons. L'étude actuelle s'apparente
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aux autres etudes du JRC sur la compétence numeérigue des citoyens (DigComp
et DigCompSAT), des enseignants (DigCompEdu et SELFIEforTEACHERS) et sur la
capacité numeérique des écoles (DigCompOrg et SELFIE).?

La présidente de la Commission Européenne, Ursula von der Leyen, a annonce
dans son discours sur I'état de 'lUnion de 2021 que l'éducation et les compétences
numeriques “nécessitent l'attention des dirigeants et un dialogue structuré au
plus haut niveau”. Les dirigeants des Etats membres s’en sont fait 'écho dans
les conclusions du Conseil européen d’'octobre 2021, qui ont souligné la nécessité
de se concentrer sur les compétences et ['éducation numeériques. En réponse a
cet appel, un groupe de travail composé de neuf Commissaires a annoncé en
octobre 2021 le lancement d’'un dialogue structuré avec les Etats membres
sur l’éducation et les compétences numériques. Ce dialogue structuré répond
a laction 1 du Plan daction pour l'éducation numeérique (2021-2027) et la
complete en incluant les compétences numeriques dans son champ d’application.
Le dialogue invite les Etats Membres a convenir conjointement des facteurs
clés permettant de rendre I'éducation et la formation numeériques efficaces et
inclusives. Il réunira différentes branches et institutions gouvernementales, des
établissements d’enseignement et de formation aux fournisseurs d’infrastructures,
en passant par le secteur prive, les partenaires sociaux et la société civile. Le
dialogue structuré se déroulera jusqu’a la fin de 2022. Sur la base de ses résultats,
la Commission proposera d'ici la fin de la méme année des propositions pour
deux recommandations du Conseil: 'une sur les facteurs favorables a l'éducation
numeérique, et 'autre sur 'amélioration de l'offre de compétences numériques
dans l'education et la formation.

Principales conclusions

Parmi les 29 pays européens analysés, 18 Etats Membres de ['UE (AT, BE, CY, EL,
ES, FI, FR, HR, HU, IE, LT, LU, MT, PL, PT, RO, SE, SK) et sept autres pays européens
(CH, GE, IL, NO, RS, RU, UK-ENG) ont déja introduit, jusqu’a un certain point, des
notions de base en informatique dans leur programme d’enseignement officiel
afin de développer des compétences en pensée informatique. En outre, un Etat
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inférieur, les approches se concentrent sur l'encouragement des compétences en
matiere de résolution de problemes et de raisonnement logique, sur la promotion
de l'autonomie/initiative des éléves par le biais de l'apprentissage par projet,
d'approches baseées sur le jeu, de la programmation en bindme et d'approches
d’apprentissage individualisé. La valeur du débogage est exploitée tant au niveau
primaire qu'au secondaire inférieur pour créer une culture de 'apprentissage par
l'erreur, en encourageant les éleves a réévaluer la signification des erreurs comme
moyen de renforcer leur expertise.

Dans le primaire et le secondaire inférieur, I'évaluation formative des compétences
des éleves en matiere de pensée informatique se base principalement sur
l'observation des éleves par les enseignants lors de ['élaboration de projets,
la résolution de problemes et l'utilisation de quiz (par exemple, les taches
Bebras), d’'exercices et d'enquétes. Au niveau du secondaire inférieur, 'évaluation
sommative des compeétences en pensee informatique (par exemple, les examens,
le portefeuille électronique) joue un réle plus important et se concentre sur la
maitrise des taches de programmation par les éleves et la compréhension des
solutions qu'ils proposent.

Ces approches denseignement et d'évaluation nécessitent toutefois des
connaissances péedagogiques et de contenu qui n‘ont pas encore été acquises par
lamajorité des enseignants impliqués dans la mise en ceuvre de l'enseignement de
I'informatique au niveau obligatoire. Dans I'ensemble de I'enseignement primaire
et secondaire inférieur, trois grands défis sont apparus: le plus important, et de
loin, est le perfectionnement et le soutien a apporter aux enseignants, suivi de la
concurrence vis-a-vis d’'autres priorités du programme scolaire, et 'adoption de
methodes d'évaluation appropriées. Les principales recommandations politiques
pour un enseignement informatique de qualité s'articulent autour de ces trois
dimensions/domaines.

Un effort important en matiére de développement professionnel est nécessaire
pour améliorer les compétences des enseignants, tant au niveau du contenu
que de la pédagogie. Ceci est particulierement important, étant donné que la

RESUME ANALYTIQUE

plupart des enseignants n'ont pas de formation en informatique. Cela implique
(i) la mise en place d’'une formation de qualité qui prévoit des interventions de
formation a moyen et long terme, mises en ceuvre sur une base reguliere ; et (ii)
un soutien méthodologique qualitatif sur la facon de gérer la progression entre
les niveaux scolaires en enseignant les concepts informatiques de base selon
l'age et en utilisant des outils appropriés. Les enseignants doivent se familiariser
avec les contenus de base en informatique et avec les approches pédagogiques
adaptées a leurs éléves. A cette fin, le développement professionnel devrait aller
de pair avec l'activation de mesures de soutien, en mettant particulierement
l'accent sur les actions d'apprentissage et d’échanges entre enseignants, telles
que la mise en réseau, le partage d’expériences et d'exemples concrets. L'acces
a des supports d'apprentissage adaptés et de qualité fournis par différentes
sources (par exemple, les autorités éducatives, les enseignants, les initiatives de
terrain, les éditeurs). La création pérenne de pdles scolaires qui se connectent
et se soutiennent mutuellement peut contribuer a améliorer la qualité globale
de l'enseignement de l'informatique. Un financement durable est essentiel pour
garantir et maintenir la formation continue des enseignants, ainsi que pour inciter
les écoles et les enseignants a s’engager dans leur développement professionnel.
Dans une perspective a long terme, des efforts devraient étre déployés des
maintenant pour inclure l'informatique de base dans la formation initiale des
enseignants de I'enseignement obligatoire.

Etant donné que lintégration des concepts informatiques de base dans le
programme scolaire est relativement récente et entre donc en concurrence avec
des priorités plus établies, il est crucial de s'assurer que des dispositions sont
prises aux différents niveaux de décision du systéeme éducatif. En premier lieu,
cela implique d'accorder une place adéquate dans le programme national pour le
développement des compeétences en pensee informatique des éleves, en fixant
un nombre minimum d’heures pour enseigner les concepts informatiques de base
de maniere réguliere. Afin d'assurer le perfectionnement des enseignants, les
ecoles devraient bénéficier d’'un soutien financier durable pour permettre a leur
personnel de participer a des activités de développement professionnel et pour
garantir la disponibilité d’'une infrastructure numerique adéquate pour les activités
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de programmation et de robotique éducative. Enfin, lorsque les compétences en
pensée informatique sont intégrées en tant que theme transversal, il convient de
formuler et d’attribuer clairement aux enseignants la responsabilité d’intégrer les
concepts informatiques de base dans le programme scolaire.

Il est essentiel de consacrer plus d'attention a la définition de stratégies claires
pour aider les enseignants en matiére d’évaluation formative et sommative
afin d'améliorer la qualité de l'enseignement de linformatique et de suivre le
développement des compeétences en pensée informatique des éleves. Il convient
de définir des criteres detaillés pour I'évaluation des compeétences en pensee
informatique, englobant a la fois la capacité des éléves a produire des solutions
de programmation reussie et leurs compétences en pensee informatique. Des
meéthodes efficaces sont nécessaires pour l'évaluation formative, afin que les
eleves et les enseignants puissent beneficier d’un retour d’'information en temps
utile pendant les activités d'apprentissage, contribuant ainsi a un enseignement
informatique de qualité. L'évaluation du développement des compétences en
pensée informatique devrait étre intégrée a 'examen final a la fin du premier
cycle de I'enseignement secondaire, ce qui indiquerait clairement lI'importance
accordée a lenseignement de linformatique. Cette évaluation sommative
est egalement essentielle pour suivre le développement des compeétences en
pensée informatique en tant que composante fondamentale de ['enseignement
obligatoire.

2. Références pertinentes du JRC:

DigComp: https://joint-research-centre.ec.europa.eu/digcomp_en

DigCompSAT: https://publications.jrc.ec.europa.eu/repository/handle/JRC123226
DigCompEdu: https://publications.jrc.ec.europa.eu/repository/handle/JRC107466
SELFIEforTEACHERS: https:/educators-go-digital.jrc.ec.europa.eu/

DigCompOrg: https://ec.europa.eu/jrc/en/digcomporg

SELFIE: https://ec.europa.eu/education/schools-go-digital_en
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La pensée informatique est plus que la nouvelle tendance prometteuse qu'elle
etait en 2016. Les concepts informatiques qui sous-tendent le développement
des compétences en penseée informatique ont été intégrés de maniére continue
dans le cadre des programmes d'enseignement du primaire et du premier cycle
du secondaire dans toute I'Europe. C’'est un signe clair que les ministéres de
l'éducation répondent a la nécessité de fournir aux éleves des bases scientifiques
pour comprendre et fonctionner dans un monde numeérigue. Au fur et a mesure que
Cce processus évolue, le suivi et 'évaluation de la mise en ceuvre des programmes
d’enseignement intégrant la pensée informatique deviendront cruciales pour
recueillir des preuves de l'efficacité des approches d’intégration mises en ceuvre.


https://joint-research-centre.ec.europa.eu/digcomp_en
https://publications.jrc.ec.europa.eu/repository/handle/JRC123226
https://publications.jrc.ec.europa.eu/repository/handle/JRC107466
https://educators-go-digital.jrc.ec.europa.eu/
https://joint-research-centre.ec.europa.eu/european-framework-digitally-competent-educational-organisations-digcomporg/digcomporg-framework_en
https://ec.europa.eu/education/schools-go-digital_en 




One of the six European Commission priorities for 2019-2024 is “A Europe fit
for the digital age”, the EU’s digital strategy to “empower people with a new
generation of technologies”. Digital transformation has affected all spheres
of society and the economy, with an ever-deepening impact on everyday life.
However, before the COVID-19 pandemic, the impact on education and training
was much more limited. While the pandemic demonstrated the need to accelerate
the digital transformation of education and training systems, it also led to the
amplification of existing challenges and inequalities between those who have
access and competence to grasp the benefits of digital technologies and those
who do not (e.qg,, Blaské et al., 2021; Cachia et al,, 2021).

In this context, the 2021 European Commission ‘s “Digital Education Action Plan
(2021-2027) - Resetting education and training for the digital age” (European
Commission, 2020) is a renewed European Union (EU) policy initiative to support
the sustainable and effective adaptation of education and training systems in EU
Member States to make them more fit for the digital age. The Digital Education
Action Plan has set two priority areas: 1) Fostering the development of a high-
performing digital education ecosystem, and 2) enhancing digital skills and
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competences for digital transformation. Computing education is listed under the
second priority area as one of the requirements for strengthening young people’s
digital skills and competences, which are essential “to gain a critical and practical
understanding of the digital world in which they live”?

The research study “Reviewing Computational Thinking in Compulsory Education:
State of Play and Practices from the Field” presented in this report was designed,
funded and followed by the European Commission’s Joint Research Centre (JRC)
to investigate how Computational Thinking (CT) is currently positioned within
compulsory school education in Europe’s various Member States, as well as
outside the EU. The study was carried out from April to December 2021 by the
Institute for Educational Technology of the Italian National Research Council
(CNR-ITD), together with European Schoolnet (EUN) and Vilnius University (VU).
The study’s aim was to update the earlier JRC report “Developing Computational
Thinking in Compulsory Education: implications for policy and practice,” produced
for 2016 CompuThink study (Bocconi et al., 2016, which provided a comprehensive
overview of research findings, as well as grassroots and policy initiatives for
developing Computational Thinking skills in compulsory education in Europe.
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RESEARCH METHODOLOGY

2.1 Desk research

A systematic review of academic and grey literature was carried out
to reflect on what has changed in the CT field since 2016 when the report
Developing Computational Thinking in Compulsory Education (Bocconi et al.,
2016) was published. The commonly adopted steps of the PRISMA workflow,
namely identification, screening, eligibility and inclusion, were applied (Moher et
al,, 2009).

The literature review gathered 1869 publications — 1143 academic works
(peer-reviewed journal papers and book chapters) and 726 grey literature works
(conference papers, reports, etc.). Screening the titles and abstracts of these
1869 using specific exclusion criteria resulted in a list of 478 publications for
full-text analysis. This analysis yielded a core set of 98 significant publications
analysed in-depth through a review matrix. This set of significant publications
comprises 53 academic and 46 grey literature works.

The review matrix specially devised for full-text analysis of these publications
addressed various criteria, including the study’s research questions. It allowed
comparison of different sources, and the identification of significant findings,
emerging patterns, and missing or inadequate elements that require further
investigation in the subsequent phases of the study.

Following an open data approach, the set of publications gathered and analysed

in the study are documented in a Zotero open library, to be hosted on the
Zenodo® open research platform.

5. The open library is expected to be uploaded on Zenodo (https:/zenodo.org) in Autumn 2022.
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RESEARCH METHODOLOGY

2.3 In-depth case studies & interviews

The data collected from the desk research and the survey was complemented by input from case studies and interviews. Altogether, nine individual case studies
were carried out, and a multiple-case study methodology (Yin, 2014) was adopted to explore the integration of CT skills within the curriculum in different contexts.
All the case studies selected for presentation in this report fall within compulsory education in EU Member States, given compulsory education has a broad
mandate to provide all students with key competences.

The three Multiple-Case Studies (MCSs) conducted cover each of the three CT integration approaches identified in the 2016 CompuThink study (Bocconi et al.,
2016) and the survey of policy initiatives conducted for this study. These are presented in Table 1 below.

Each multiple-case study comprises three individual cases. Two cases within each MCS were selected as literal replication, i.e., likely to generate very similar or
consolidated findings. The third case was treated as theoretical replication, i.e., as a “sounding board” that confirmed or contrasted with the previous results.

MCS1: CT skills as a MCS2: CT skills as part of MCS3: CT skills within other
Replication cross-curriculum theme a separate subject at lower subjects at lower secondary
strategy at primary level secondary level level
Literal C1 - Lithuania C4 - Croatia C7 - France
replication C2 - Norway C5 - Poland (8 - Finland
Theoretical C3 - Slovakia (6 - UK-England €9 - Sweden

replication

Table 1. The structure and focus of the three multiple-case studies
Source: Authors’ elaboration

In total, 88 subjects representing different stakeholder categories (policymakers, experts, school leaders, teachers, and students) took part in the three
multiple-case studies through 38 semi-structured interviews and ten focus groups. As an additional data source, interviewees provided documents related to
integrating CT skills in the curriculum. These included information on final exams, CT skills assessment means, references to platforms/tools used in classrooms,
and CT-relevant learning materials teachers had produced for their classes. These documents informed the case studies and were added to the knowledge base
gathered as part of the survey of policy initiatives.
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(Wing, 2017)

3.1 How Computational Thinking
is defined in the literature and in
practice

Despite intensive analysis and investigation in the
Computational Thinking (CT) field stretching back
over the past fifteen years, researchers have not yet
reached a consensus on a single ‘banner’ definition
of CT. As a result, researchers tend to draw from a
variety of proposed definitions when conducting their
investigations. Accordingly, they assume different
perspectives when applying, interpreting, and
assessing CT concepts and related practices.

The European Commission’s Staff Working Document
accompanying the Digital Education Action Plan
2021-2027 (DEAP)” gives a glossary definition
that describes Computational Thinking (including
programming and coding) thus: “computational
thinking, programming and coding are often used
interchangeably in education settings, but they
are distinct activities. Programming refers to the
activity of analysing a problem, designing a solution

UNDERSTANDING COMPUTATIONAL THINKING AND RELATED CONCEPTS

and implementing it. Coding means implementing
solutions in a particular programming language.
Computational thinking, shorthand for “thinking as a
«computer scientist» refers to the ability to understand
the underlying notions and mechanisms of digital
technologies to formulate and solve problems.”

This definition reflects that proposed by Jeannette
M. Wing (2017): “Computational thinking is the
thought processes involved in formulating a problem
and expressing its solution(s) in such a way that a
computer — human or machine — can effectively carry
out.” This perspective is clearly rooted in the concepts
and practices of Computer Science (i.e., thinking as
a computer scientist) proposed as an intellectual
framework for thinking. Wing’s vision (2017) is that
“computational thinking will be a fundamental skill
— just like reading, writing, and arithmetic — used
by everyone by the middle of the 21st Century.”
This proposal has been widely accepted as a
basis for including Computational Thinking (CT) in
K-12 education as a key competence for the 21st
century. However, the debate over CT’s definition and
implications for education continues.

7. https://education.ec.europa.eu/sites/default/files/document-library-docs/deap-swd-sept2020_en.pdf
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Despite the wide variety of definitions in use, it is possible to identify a set
of Computational Thinking core concepts: abstraction, algorithmic thinking,
automation, decomposition and generalisation (Curzon et al, 2019). These
concepts are related to a set of attitudes and skills (or practices), including creating
computational artefacts, testing and debugging, collaboration and creativity,
and the ability to deal with open-ended problems (Grover & Pea, 2018). This
understanding frames CT as a foundational competence for an informed citizen
capable of coping with societal challenges. CT also bears potential as a means
for creative problem solving and innovative approaches in several disciplines.
It therefore has a crucial role to play in compulsory education. Programming/
coding provides a laboratory for teaching and learning Computational Thinking
— it makes CT concepts concrete. So Computational Thinking can become a tool
for learing, e.g., as a medium for exploring different domains or self-expression
(Resnick, 2017). This confirms the results of the 2016 EU Computational Thinking
study, where CT is characterised by a set of core skills (Bocconi et al., 2016).

3.2 Relationship with Computer Science, Informatics and
Computing

Researchers and practitioners stress the need to consider the practical implications
of Computational Thinking, particularly its role in education (Curzon et al., 2019).
Indeed, Fessakis and Prountsoundi (2019) argue that the term Computational
Thinking was proposed as a conceptual vehicle to facilitate dialogue on the role of
Computer Science/Informatics® in general education. As Jocius et al. (2020) state,
“the value of computational thinking is not just as an isolated concept that relates
to computer science, but also as a way to enhance and support more complex
discipline-specific and interdisciplinary understandings”. (p. 926). According to
Kale et al. (2018, p. 575), teaching CT should “entail the knowledge of using
computational thinking tools (technology), knowing which instructional strategies
to use to teach computational thinking and the subject matter (pedagogy), and
understanding of computational thinking and the subject matter (content).” Hsu et

al. (2019, p. 261) draw on the results from their wide-ranging international review
of CT policy-making in education to conclude that the different frameworks for
understanding Computational Thinking reflect the variety of ways CT education
policies have been envisioned globally.

Resonance can be found between the Computational Thinking definitions from
the research sphere, as reported above, and a number of the curricula-based
CT definitions proposed by respondents to the survey of Ministry of Education
representatives that was conducted for this study (see Section 4.2). In Ireland, for
example, CT is considered “a thought process (or human thinking skill) that uses
analytic and algorithmic approaches to formulate, analyse and solve problems”. At
the same time, in Serbia, it is seen as a “thought process that involves formulating
problems and their solutions so that the solutions are represented in a form that an
information-processing agent can effectively carry out”. In Singapore, a pragmatic
view of CT is taken: “a thought process that involves formal reasoning, logical
and algorithmic thinking, and the reformulation of a problem (for) a computer-
based solution”. Similarly, in Slovenia CT is seen as “thought processes involved
in defining a problem and expressing its solution in a way that the solution can
be effectively implemented by a computer”. Significantly, however, the Slovenian
definition goes on to embrace a broader, transversal dimension: “... [Computational
Thinking is] transferable to other professional and scientific fields, contributes to
the development of metacognitive skills and better problem solving in general”.

Different understandings of Computational Thinking are also expressed by the
participants interviewed for the in-depth Case Studies (see Annex 4). For example,
the definitions of CT from Poland and Croatia both put a particular focus on
problem solving. But in Poland, CT tends to be used in policy documents and
among experts, while teachers and students more commonly use the term problem
solving. In the UK-England, the term Computational Thinking is more common at
primary level, while programming is more widely used at the secondary level. The
main understanding of CT at ISCED 2° level revolves around three focus points:
programming, algorithm, and problem solving (see discussion in Section 5.2).

8. We acknowledge the different connotations and variety of definitions of Computer Science and Informatics. However, in the context
of this study, the two terms are used interchangeably, as in compulsory education they involve a common set of basic concepts (Box1).

9. International Standard Classification of Education: http://uis.unesco.org/en/topic/international-standard-classification-education-isced
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MAJOR TRENDS IN CT INTEGRATION WITH COMPULSORY EDUCATION

Computational Thinking (CT) skills are being integrated into
curricula across Europe and beyond. This section provides
an overview of the current situation in 29 European
countries'®. These include 27 countries!! for which data
were collected via the study’s policy-level survey (see
Section 2.2) and two countries, (UK) England and Sweden,
for which data were collected via in-depth case studies.
Results of a similar survey were also published in the
previous 2016 CompuThink report (Bocconi et al, 2016).
Where data from the two sets of results are comparable
(common survey question, common responding countries),
the evolution from 2016 to 2021 will be reported in this
section. Indeed, representatives from 18 countries!? replied
to the 2016 CompuThink report survey, with 15 countries®®
answering both the 2016 and 2021 surveys.

Overall, 25 countries'* out of the 29 addressed in the
study have already included CT skills as part of their
current statutory compulsory education curricula,
which in some cases has been approved and in others is
already in place. This process has gained strong momentum
in recent years, with 18 of the 25 countries renewing
their curricula between 2016 and 2021 (see the orange
and light blue countries shown in Figure 4). The remaining
countries are either (@) running school pilots — in DK — or
finalising a draft curriculum — in BE fr — (shown in Figure 4
in dark yellow) or (b) have a predefined strategic plan to
integrate CT skills (CZ, IT, SI — shown in green).

Note: Curriculum is an overloaded term that can refer to a policy-related curriculum and a conceptual-pedagogical curriculum.
This study focuses on policy initiatives which have been officially accepted and that entail reform to national curricula and/or
to official gquidelines where the integration of CT skills in compulsory education has already been approved or enacted.

All participating EU Member States

countries

CT skills in curricula or policy approved or enacted before 2016
CT skills in curricula or policy enacted from 2016 (included)

Policy defined at regional level from 2016 (included)

Draft curricula/policy or ongoing pilots

CT skills in strategic plans for future actions

f

.* Q‘\," .

Countries not covered by the survey or case studies e

Figure 4. Overview of the state of CT skills integration

in the compulsory education curricula of the 29 analysed countries
Source: Authors’ elaboration based on results from the survey, desk research, and in-depth case studies

10. The study’s policy-level survey also involved a non-European country, namely Singapore, whose data are reported on page 50.

11. Represented by 28 different respondents, with both Belgium Flanders (BE nl) and Belgium Wallonia (BE fr) replying to the survey.

12. Austria, Czech Republic, Denmark, Estonia, Finland, France, Hungary, Italy, Lithuania, Malta, Poland, Portugal, Spain, Sweden - and Israel, Norway, Switzerland, Turkey.

13. Austria, Czech Republic, Denmark, Finland, France, Hungary, Italy, Lithuania, Malta, Poland, Portugal, Spain - and Israel, Norway, Switzerland.

14. The 25 countries comprise 18 EU Member States (AT, BE nl, CY, EL, ES, FI, FR, HR, HU, IE, LT, LU, MT, PL, PT, RO, SE, SK) and 7 other European countries (CH, GE, IL, NO, RS, RU, UK-ENG). In ES and CH curricula are defined at regional level.
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MAJOR TRENDS IN CT INTEGRATION WITH COMPULSORY EDUCATION

By integrating CT skills in the compulsory curriculum, many countries aim to foster
several transversal skills like critical thinking (EL, HR, LT, LU, RO, SK), creativity (EL,
FR, LT, LU, PT), communication (LT, PT, SK), collaboration (EL, FR, PT, SK), personal
development (HR, SK, RO), and analytical skills (EL, IT, RO). For example, in
Finland the goal is to foster the seven key transversal competences in the Finnish
curriculum.?° In Ireland, CT activities can also foster design and development
skills, digital media literacy and awareness, and numeracy skills. In Switzerland,
one goal of CT integration is to develop students’ analytical thinking and creative
problem-solving.

Other goals mentioned in this light are fostering general digital skills (BE nl, RO,
SI—and NO, RS). Several countries also mention more specific digital skills like the
ethical use of new technologies (DK, FR, PL, SK). In Poland, students are expected
to be provided with “a set of skills to interact with new technologies” and in
Romania to “use technology interactively”, while in Serbia there is a focus on
“digital literacy, digital and technology-based competences, and digital safety”.
In Denmark, the curriculum also refers to areas like privacy, security, ethics, and
interaction design. A few countries also give other reasons for integrating CT in
their curricula. For instance, some countries see CT activities as a way to develop
interest and/or competences in mathematics (LU, RO, Sl), science education (BE
nl, LU), and technology & engineering (LT, LU, RO, SI).

In conclusion, the main rationale for introducing CT in most countries is
to foster 21st century skills, which are understood as essential for an active
life in the digital world. This also emerged as the main motivation in the 2016
CompuThink report (Bocconi et al., 2016).

20. Thinking and leaming to learn; cultural competence, interaction and self-expression; taking care of oneself and
managing daily life; multi-literacy; ICT competence; working life competence and entrepreneurship; participation,
involvement and building a sustainable future.

4.2 Positioning in the curriculum

This section investigates the position of CT skills in curricula, considered in terms
of two criteria: education level (i.e., primary, lower secondary, upper secondary,
initial VET); and subject(s) involved. In addition, it examines whether CT skills are
integrated as a part of compulsory or elective subjects in the curriculum. Initial
VET education is explored separately in Section 4.6.

As shown in Table 5, curricula in almost all the surveyed European countries (27
out of 28) refer to programming/coding. Most refer to Algorithmic Thinking (22
curricula), followed by Computational Thinking (16 curricula), Computer Science
education (11 curricula) and Computing education (5 curricula). Eight curricula
(AT, CY, HR, IE, LT, RO, SI — and CH) position Computational Thinking as part of
Informatics and Computer Science subjects. Four c