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Abstract. Many European countries have revised their curricula in recent years, introducing basic
computer science concepts. This has paved the way for developing students’ computational
thinking (CT) skills. Despite increasing uptake, several issues and challenges are emerging for the
effective integration of CT skills in compulsory education. The purpose of this paper is to examine
the rationale for integrating CT skills in the European primary and lower secondary education
curricula and the enablers and barriers to teaching and assessing these skills. A wide range of
evidence was collected through three multiple-case studies involving 40 semi-structured
interviews with experts, policymakers, school leaders and teachers, and 10 focus groups with
students. Thematic analysis was conducted on 3,424 excerpts through NVivo to identify recurring
codes and themes regarding implementation of CT skills within the curriculum in nine European
countries and to explore commonalities and patterns across the cases. A common enabler is
adopting appropriate measures for creating guidelines, learning materials and a large-scale
professional development program. On the barrier side, the lack of qualified teachers, lack of
quality materials and the challenges related to large-scale upskilling are shared.
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1. Introduction

1.1. Description of the Research Problem

Over the last fifteen years, computational thinking (CT) has attracted much attention
from researchers in various areas and education policymakers. As a result, researchers
tend to draw from various proposed CT definitions when conducting their investigations.
Similarly, education policies also reflect this diversity in perspectives (Hsu et al., 2019).

The latest systematic reviews (e.g., Tikva and Tambouris, 2021; Lee et al., 2022)
group CT definitions into two broad categories: 1) domain-specific and 2) domain-
general. The first category focuses on problem-solving in Computer Science (CS) and is
essentially dedicated to programming. The second category covers general problem-
solving in various everyday life activities, with a particular emphasis on integrating CT
into the learning process. Roman-Gonzalez et al. (2017) added operational definitions as
a third category. Operational definitions break down CT into fundamental concepts -like
algorithmic thinking, abstraction, decomposition, automation, and generalization- and
related competences -like the creation of artefacts, collaboration, creativity, debugging,
problem-solving of open-ended tasks, etc. (Grover and Pea, 2018). CT is considered a
key competence for all citizens enabling them to deal with societal challenges.
Furthermore, CT is interweaved with creativity in solving problems and applying
innovative approaches in STEM and other disciplines, becoming a crucial element of
education.

Programming is essential for a deeper understanding and development of CT. CT, on
the other hand, integrates programming in a broader approach to solving problems
(Metcalf et al., 2021; Tikva and Tambouris, 2021). The borders distinguishing the two
are blurred: Programming is not necessarily part of CT. However, when programming is
included in CT activities, then it shapes the learning process in a distinct way in the
sense that it evolves through a continuous interaction between a) the formulation of a
problem solution that a computer program can execute and b) the interpretation of
immediate formative feedback generated by the execution of the program (Webb et al.,
2017). Still, CT is broader than programming because it involves computationally
inspired problem-solving in disciplines beyond CS (Hazzan et al., 2020). As a result, in
studies exploring the teaching and learning of CT with computer use, CT definitions
mainly deal with programming skills (Taslibeyaz et al., 2020). On the other hand,
thinking skills (e.g., problem-solving, systemic thinking) are given more prominence
(Fessakis and Prantsoudi, 2019; Séez-Lépez et al., 2016; Upadhyaya et al., 2020) in
studies that explore the development of CT skills without using computers.

The above analysis shows two main trends in the discussion about CT, which are
broadly defined by the inclusion or not of programming in CT. Jocius et al. bypass this
dilemma by proposing a holistic approach when discussing the role of CT in general
education (2020, p. 6): “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”. 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
computational thinking and the subject matter (content).” This conceptualization of CT
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has important implications for teaching because it is envisaged to include three
interconnected elements: technology, pedagogy and content. Technology involves
knowledge of CT tools. Pedagogy involves knowledge and application of instructional
strategies which cut across CT and the subject matter. Finally, content encompasses
knowledge of CT and the subject matter. Hsu et al. (2019) draw on the results from their
wide-ranging international review of CT policy-making in education to conclude that the
different frameworks for understanding CT reflect the variety of ways CT education
policies have been envisioned globally.

CT traces its roots back to CS development through decades. In the 1950s, CS
programs were introduced to universities to meet a rising demand for learning new
technology. Later, when many people, especially policymakers, saw how computing
intervened in everyday work and home life, CS education started to be introduced to
schools. Nevertheless, this movement was not easy. Then, CT was proposed with a focus
on understanding computing. As a result, the CT movement has turned the corner on
problem-solving using concepts and strategies most closely related to CS. CT is
conceptualized as the set of thinking skills computer scientists use to address a broad
range of problems (Denning and Tedre, 2022; Grover and Pea, 2018).

However, implementing the policies into practice is a complex issue with many
dimensions being shaped but also shaping the conceptualization of CT. Specifically,
research exploring the integration of CT in primary and secondary education, including
teacher training, can be grouped into the following categories (see Table 1):

e CT integration in different education levels (including early childhood
education, e.g. Manches and Plowman, 2017; Piedade and Dorotea, 2023);
e  Curriculum development (Dagiene et al., 2021; Kong, 2016);
e Teaching and learning of CT which includes studies on
o a)tools (Litts et al., 2021; Perin et al., 2023; Repenning et al., 2016),
o b) activities (Olmo-Mufioz et al., 2020),
o c)skills (Polat et al., 2021),
o d) learning processes (Lai and Wong, 2022), and
o e) assessment (Roman-Gonzalez et al., 2019);
e  Teacher professional development (Yadav et al., 2016).

Table 1. Main theoretical contribution to CT education in schools

Category Main theoretical concepts and principles

Category 1: deepening analysis of the relationships between CS and CT (Hazzan et al.,

General CT 2020)

integration adopted learning strategies and course categories of CT education (Hsu et al.,
2018)

instructional design, the development of Analysis, Design, Development,
Implementation and Evaluation model (ADDIE) (Dagli and Tokmak, 2022)

cognitive development and executive functions in connection to CT education
in schools (Arfe et al., 2020)

grouping CT skills into three large stages: defining the problem, solving the
problem, and analysing the solution (Palts and Pedaste, 2020)

focus on computational creativity (Israel-Fishelson, 2021)
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Category 2:
Curriculum
development

development of informatics curriculum: the concept-context idea and
separating fundamental concepts from the more volatile contexts (i.e.,
application domains and situations) (Barendsen et al., 2016);

presentation and validation of progression frameworks for CT in schools based
on computational agent theory (Curzon et al., 2019)

support the implementation of the curriculum by delivering necessary guidance
through delivery of instructional materials and activities (Kert et al., 2019)
formation of a learning trajectory for math that extends into the area of CT
(Niemel& et al., 2017)

developing a framework for learning abstraction (Statter and Armoni, 2020)

Category 3:
Teaching and
learning of
CT: tools,
activities,
skills, learning
processes, and
assessment

constructionism approach to delivery CT & CS concepts in schools;
presentation of pedagogic approach in designing student-cantered conceptually
focused microworlds as well as constructivism with its twin emphases on
knowledge as constructed and on engagement in learning material for CS and
CT (Csizmadia et al., 2019; Grover et al., 2019)

frameworks for the relation between Scratch and CT development and for
assessing areas in CT through Scratch projects (Fagerlund, et al., 2020; Wet at
al., 2021)

combining assessment tools for a comprehensive evaluation of CT education
(Romén-Gonzélez et al., 2019; Yagci, 2019)

proposing a fundamental conceptual framework to analyse CT definitions and
assessments, and providing a convenient assessment tool for future CT
research and practices (Tsai et al., 2021)

rationale of collaborative learning and especially of partial pair programming
(Kong et al., 2018)

assessment of modelling and simulation as intended learning outcomes for CT
(Grgurina et al., 2018)

conceptualizing programming empowerment as a part of CT (Zhang and Nouri,
2019)

contribution to affordances of different rubric-based CT assessments of student
programs (Metcalf et al., 2021)

unplugged pedagogy supporting CT education and confirming that CT skills
can be gained by using the unplugged coding activities (Huang and Looi, 2021;
Tonbuloglu and Tonbuloglu, 2019)

Category 4:
Teacher
training

balance between the focus on CT concepts, teaching practices and identifying
how CT can be embedded in other subjects (Paniagua and Istance, 2018)

for successful teacher professional development, four factors are found:
sustained periods of learning, active participation in training, connection to the
school context, focus on pedagogical content knowledge (Kong et al., 2020)

a new teacher training model: Code (Bootcamp), Connect (connecting
disciplinary content and pedagogy to CT) and Create (the development of CT-
infused learning segments) (Jocius et al., 2020)

distinct approaches to integration CT in teacher training and related teaching
methods (Sherwood et al., 2021)

While these studies provide valuable insights, there is little work bringing together the
different dimensions of CT integration in compulsory education: 1) education policies
around CT implemented in different education systems; 2) curricula integrating these
educational policies; 3) insights from the implementation of CT in classes.
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This study attempts a holistic understanding of CT integration in compulsory
education by exploring the links between curricula integrating educational policies in
different educational systems with teaching and assessment practices implemented in
schools. To this end, we employed a multiple-case study methodology in compulsory
education settings in nine European countries.

1.2. Study Goals

This paper is built on the (Bocconi et al., 2022) study. The paper aims to provide an up-
to-date and wide-ranging overview of CT skills integrated into primary and lower
secondary education in Europe by addressing two main research questions:

1. How are CT skills integrated into European primary and lower secondary education
curricula?
2. What are the enablers and barriers to teaching and assessing CT skills in the

European primary and lower secondary education curricula?

These questions are timely as many European countries have recently revised their
compulsory education curricula introducing basic CS concepts for developing students’
CT skills (Bocconi et al., 2022). The main assumption is that CT skills are part of young
people’s digital competences essential for living and working in our digital world. In
other words, CT is considered a fundamental skill (or set of skills) not only for computer
scientists but also for all citizens, and its development must start from an early age
(European Commission, 2020). However, introducing CT skills into school curricula is a
complex process requiring more evidence on what to be taught, when, and how.

2. Method

2.1. Multiple-Case Study Research

We adopted a multiple-case study (MCS) methodology (Yin, 2018) as it is an
established research design for researching a particular phenomenon in-depth (Zach,
2006). MCS enables comparisons to determine whether emergent findings are distinctive
for a single case or reliably replicated across multiple cases (Eisenhardt and Graebner,
2007). Also, the MCS methodology enables a deeper investigation of research questions,
and it can provide reliable and robust evidence that can be used as a basis for theoretical
elaborations (Baxter and Jack, 2008).

All the selected case studies fall within primary and lower secondary education
(corresponding to ISCED 1 and ISCED 2 according to UNESCO, 2012) that in most
European countries comprises compulsory education (European Commission et al.,
2020) aiming to enable all students to develop their key competences.

To make sound cross-case comparisons, careful case selection was critical to
guarantee that consistent and inconsistent results could emerge from the broad set of
cases, allowing to make solid cross-case comparisons. For example, the selection of the
nine cases is considered to be within the threshold recommended in Yin’s replication
strategy, i.e. 6-10 cases (Yin, 2018). The criteria for the selection were the following:

e CT adoption forming part of a curriculum development policy;
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e maturity level, concerning the implementation of the initiative with a minimum of
two years;

o diverse geographical coverage;

o availability of relevant documentation;

e education level coverage within compulsory education (i.e., primary and lower
secondary);

e CT integration approach (i.e., CT as a distinct subject; as part of other subjects; as
a cross-curriculum theme).

According to Bocconi et al. (2016), three different approaches typify CT skills
integration in compulsory education curricula: 1) as a cross-curriculum theme; 2)
embedded as an integral part of a distinct CS subject; 3) addressed within other subjects.
These approaches for CT skills integration are confirmed by a recent survey of policy
initiatives (Bocconi et al., 2022) and the literature (e.g. Eurydice, 2019; Syslo, 2020).

The choice between these different strategies at the national (and/or regional) level is
determined to a large extent by the political mandate for the integration of CT skills in
the specific country/region and by the organizational constraints governing how
curriculum changes are implemented and rolled out within the education system in
question. The choice of where and how to integrate CT into the curriculum is also driven
by different motivations for why CT is being integrated. For example, the integration of
CT as a cross-curriculum theme is usually underpinned by the rationale that CT can
foster transversal skills relevant to and practically applicable to all subject areas. On the
other hand, integrating CT as a distinct single subject is closely related to the
introduction of CS Education. Finally, integrating CT as part of an already-existing
subject is more likely due to policy constraints that could derive from the challenges of
introducing a new subject area in an already crowded curriculum. Choosing which of the
three approaches to adopt is also closely linked to the different education levels. In
primary education (ISCED 1), subject-area distinctions are less marked and do not play a
central role; teachers cover several subjects without necessarily having specialized
expertise in each one. Hence, the cross-curriculum theme is a strategy more commonly
adopted at this education level. Moving on to lower secondary (ISCED 2), distinct
subjects start to play a central role and teachers are often recruited based on their
qualifications in the specific subject area(s). At this education level, the policy choice to
either embed CT as a separate subject or within existing subjects takes priority.

The three MCSs address how schools in nine European countries teach and assess
CT skills, what tools teachers and learners use, and how teachers are upskilled. Each
MCS comprises three distinct cases and represents one of the three approaches for
integrating CT skills in the compulsory education curricula mentioned above:

e MCSL1: CT as a cross-curriculum theme in primary education;

e MCS2: CT integrated as a separate subject in lower secondary education;

e MCS3: CT within other subjects in lower secondary education.

Within each MCS, two cases were selected as a literal replication of each other, i.e.
leading to comparable results. In contrast, the third case was chosen as a theoretical
replication, i.e., as a “sounding board” that confirms or contradicts the previous results
(see Table 2).
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Table 2. Yin’s replication strategy adopted for the three multiple case study
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Relicati MCSL1: CT asacross- | MCS2: CT as a separate | MCS3: CT within other
eplication . : . : -
strate curriculum theme in subject in lower- subjects in lower-
9y primary education secondary education secondary education
Literal C1 - Lithuania C4 - Croatia C7 — France
replication C2 — Norway C5 — Poland C8 — Finland
Thepret_lcal C3 - Slovakia C6 — England (UK) C9 — Sweden
replication

MCS1 considers the implementation of CT as a cross-curriculum theme in primary
education. We selected Lithuania and Norway as two cases that addressed CT as a cross-
curriculum theme and as part of digital competence. We set those two cases against the
case of Slovakia, which integrates CT into the curriculum as a distinct subject, namely
Informatics.

In MCS2, we consider the implementation of CT as a distinct CS subject at the lower
secondary level. We selected Poland and Croatia, which have a long-standing tradition
of Informatics education, mostly at the upper secondary level and more recently
extended to lower secondary and primary education. England (UK), as of September
2014, has implemented the Computing curriculum in primary and secondary schools.

MCS3 considers CT implementation in lower secondary schools in Finland, France
and Sweden. In these three countries, CT is covered in Maths & Technology. However,
Sweden also includes CT in Social Studies.

The phases of the adopted MCS research methodology are shown in Figure 1.

Design Preparation, collection & analysis Conclusions

Conduct 1
case study
(Lithuania)

Analyse 1%
case study
evidence

Draw cross-case
generalisations

Draw cross-case
gencralisations

Conduct 21
case study
(Norway}

Analyse 2™
case study
evidence

Develop
interview
protocols per
profile
(country
experls,
policymakers,
schaols
leaders,
teachers,
curriculum
experts) and
facus groups
protocol {for
students)

Conduct 4
case study
(Croatia)

Analyse 4
case study
evidence
Define
Muyltiple-Case
Study 1,2 &3
(including case
selection)

Conduct 5
case study
(Poland)

Analyse 57
case study
evidence

analyse 6
case study
evidence

Conduct 6
case study
(UK-England)

Conduct 7
case study
{France]

Analyse 7™
case study
evidence

Conduct 8" | Analyse 8t
case study | | case study
{Finland) evidence

Conduct 9™
case study
(Sweden)

Draw ¢ross-case
generalisations

Figure 1. The design, preparation, data collection, analysis, and conclusions of the MCSs
conducted

Analyse 9%
case study
evidence

J /
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2.2. Data Collection
2.2.1. Identification Procedures

The data collection process elicited insights from key actors and perceived changes in
their practice following their direct engagement in CT curriculum enactment. We
conducted semi-structured interviews and focus groups examining in-depth the
stakeholders’ perspectives through open-ended questions (questions are presented in
Appendix 1). Different but overlapping interview protocols were developed for
policymakers, school leaders, teachers, MCS experts and for the students’ focus groups
covering a variety of topics such as CT definition, what are the enablers and barriers to
teaching and assessing CT skills and what are the effective ways for teacher training.

Three protocols were developed for the semi-structured interviews with
policymakers, teachers, and school leaders, and one for student focus groups. Following
the approach proposed by Yin (2018), after the conclusion of each case, the interview
protocols were reviewed and, when necessary, integrated with new questions deemed
helpful in informing the following case interview round.

The interviews and focus groups were conducted by research team members using
videoconferencing tools. Each interview lasted between 45 and 60 minutes, and all
discussions were audio-recorded. Each recording was automatically transcribed verbatim
using Nvivol2. Transcriptions in languages other than English were translated into
English using an online automatic text translation system (deepl.com). The output was
then validated for English-language congruency by a native English speaker. Finally, the
respective interviewers checked all transcriptions to verify overall consistency with the
original content.

Following the MCS methodology, data were analysed in two steps. The first step was
to analyse all transcripts from an individual case to thoroughly understand how CT skills
are integrated into the curriculum at hand. The emerging concepts progressively
identified from the coded interviews were included in the analysis of the subsequent
interviews to be coded. This systematic, incremental procedure was applied to analyse
all interview transcripts. The second step was the cross-case analysis permitting the
identification of similarities and differences between the three cases of each MCS.

2.2.2. Ethical Considerations

Gaining informed consent from each participant was a primary ethical concern, as was
compliance with personal data management provisions, both being key to the General
Data Protection Regulation (GDPR), which we followed. Therefore, informed consent
was a precondition for conducting each interview, and involvement in the study was
voluntary. Furthermore, participants were informed from the outset that they had the
right to withdraw until the data analysis was completed. For students, consent forms
were collected and retained by their respective schools, which were required to sign a
declaration stating that both the students and parents had been duly informed and agreed
to participate.

All personal information gained about participants and participant identities were
fully protected and managed in compliance with GDPR provisions. Before and after
each interview, interviewers assured participants of complete confidentiality.
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Furthermore, in compliance with GDPR provisions, all the collected data was safely
stored and will be duly deleted after five years.

2.3. Context and Participants

The criteria for selecting participants were: 1) the direct experience in implementing and
enacting the CT curriculum; 2) the profile range (student, teacher, school leader,
researcher, expert, policymaker).

Ninety-two subjects representing different stakeholder categories participated in the
three MCSs. We conducted 40 semi-structured interviews with policymakers, experts,
school leaders, and teachers and 10 focus groups with 52 students (see Table 3).
Interviewees were also asked to provide documents and evidence of the CT skills
integration in the curriculum, such as platforms and tools used, learning materials
produced by teachers, or information on final exams or other assessments. In addition, a
CT curriculum expert was interviewed for each multiple case (MCS1, MCS2 and
MCS3).

Table 3. Interviews per profile, country and MCS

Country | Policy School Focus Curriculum
MCS | Country experts | makers | leaders Teachers Groups | experts
Lithuania | - 1 1 1 1
MCS1 | Norway - 1 1 1 1 1
Slovakia - 1 1 1 1
Croatia - 1 1 1 1
MCS2 Ec:and 1 1 1 1 1 1
England 1 ) 1 ! !
France 1 1 2 3 2
MCS3 | Finland 1 1 1 2 1 1
Sweden 1 1 1 2 1
Total 5 8 10 14 10 3

The participation of 92 subjects was reasonable, given the warning from Creswell and
Gutterman (2019) that including many individuals can result in superficial perspectives
rather than an in-depth picture. In addition, involving different stakeholder groups makes
it possible to gather different viewpoints and insights from those involved in
implementing and enacting the curriculum.

For each case study in MCS1 & MCS2, individual semi-structured interviews were
conducted with one school leader, one teacher in charge of CT integration, and one
policy maker. In addition, a cohort of 5-7 students participated in a focus group. In UK-
England, we were not able to interview a policymaker. Instead, we interviewed a country
expert involved in developing and writing the English Computing Curriculum.

Given that in MCS3 the CT integration approach within subjects involved both
Mathematics & Technology in each of the three country cases, a teacher of each subject
was interviewed. Furthermore, an expert involved in the definition and/or
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implementation of the CT curriculum at the national level was also interviewed in each
case to better understand the role of CT in the two subjects.

The French case was scheduled before the end of the school year (beginning of July).
As a risk management measure, we did contact two schools in May that agreed to
participate only in the second half of June. Thus, in France, we took the opportunity to
gain insights from two different school contexts.

2.4. Data Analysis

In our analysis, we employed two different methodologies. One was thematic analysis
which supported us in examining in depth each case study, and the other was cluster
analysis which allowed us to understand patterns, similarities and differences across the
cases of each MCS.

2.4.1. Thematic Analysis

We followed Braun and Clarke’s (2006) six steps for thematic analysis to extract and
analyse precise information from the interviews and focus groups. We have adopted a
mixed approach to coding, combining predefined codes related to the study’s specific
goals and research questions (structural codes) and codes that emerged from raw data
processing (data-driven codes) (Ryan and Bernard, 2003). To begin the coding process,
we defined an initial common set of provisional codes based on the study’s research
questions (structural coding schema). This schema comprised 48 codes grouped into
twelve categories and was universally applied to codify the interview transcripts in each
of the three multiple-case studies. Overall, 26 data-driven codes emerged while
analysing the nine individual cases comprising the three multiple-case studies. These
data-driven codes, which largely reflect the specificity of the multiple case studies from
which they derived, expanded and enriched the set of codes under the 12 code categories
identified in the initial structural code schema.

A systematic, step-by-step coding and analysis process was conducted on the entire
set of interview transcripts in English using NVivol2, a widely adopted multilingual
software package for processing and analysing data within qualitative research studies
(Jackson and Bazeley, 2019). The coding process was performed cumulatively: the
initial set of structural codes was progressively augmented with emergent data-driven
codes, thus requiring the raw data to undergo rounds of re-processing. However, due to
the time constrain of this study, only one iteration was performed on each document in
the data set.

We used the complete coding scheme comprised of 48 predefined codes emerging
from the literature and 26 from the data to identify themes regarding the integration and
implementation of CT skills within the curriculum in nine European countries and
examine commonalities and patterns across the cases.

The overall analysis of the 40 semi-structured interviews and the ten focus groups
with students regarding implementing CT skills within the curriculum in nine European
countries resulted in 3,424 excerpts coded through NVivo 12.
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2.4.2. A Cluster Analysis

A cluster analysis was conducted to explore patterns within each MCS by identifying
similarities and differences among the terms used, i.e., among insights highlighted by the
various stakeholders. For each MCS, the cluster analysis was implemented in NVivo 12,
clustering child codes by word similarity and including all child codes that registered at
least two excerpts. Pearson correlation coefficient (r) was used as a similarity metric.
The range of this coefficient is [-1, 1]; from least similar (r = -1) to most similar (r = 1).
The data of each cluster analysis are graphically represented via dendrograms. As a
built-out hierarchy of clusters, dendrograms show how the selected codes merge with
others at certain distances. Interconnected codes are grouped together. The analysis
results within each MCS show codes clustered by word similarity, with similar items
clustered together on the same branch and different items positioned further apart (see
Table 4).

To identify key findings from cluster analysis to compare with findings from coding
the interviews, we examined sub-clusters where the Pearson correlation coefficient (r)
among child codes was greater than 0.5. This led to selection of three sub-clusters for the
MCSs where most of the correlation coefficient among child codes was strong (r > 0.7).
The tree sub-clusters (see Figures 2, 3, and 4) comprise 19 structural codes; and four
data-driven codes referring to 1,763 excerpts out of 3,424 coded in the thematic analysis
(see Table 4). Results are presented in more detail in the next section.

Table 4. Codes and numbers of referring excerpts present in the selected sub-clusters

MCS1| MCS2 |MCS3
exc. exc. | exc.

Codes Description Total

IAny reference to the
Policymakers involvement/contribution of policymakers at| 8 10 16 34
the local, regional, national or EU level
IAny reference to the
involvement/contribution of the school
School leaders leadership team (school leaders, school 20 14 9 43
heads, school principals, head teachers and
their deputies)

IAny reference to the

Teachers involvement/contribution of teaching staff %0 9 13 112
CT concepts IAny reference to the various CT concepts 6 0 28 34
Progression IAny reference to curriculum progression 2 8 40 50
Pedagogies /Any input on the pedagogies adopted for 42 124 111 | 277

teaching CT and related concepts

/Any input on the technologies and tools
Learning Tools  |employed for teaching and learning CT and | 75 46 64 185
related concepts

IAn instance when CT is part of one or more
\Within-subjects  fexisting subjects such as Mathematic, 17 5 34 56
Technology, etc.

IAny reference to challenges and inhibiting
Barrier factors for the integration of CT in the 14 39 95 148
curriculum
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IAny reference to enablers and success
Enabler factors for the integration of CT in the 14 27 42 83
curriculum
Recommendation Ind_ications that may.help to formulate 29 62 77 168
policy recommendations
curriculum An_y rgference to CT in the curriculum (e.g., 19 80 64 163
objectives, location)
IAny reference to measures put in place for
Monitoring/Evalua monitoring and evaluating the impact and 5 5 13 23
tion sustainability of CT integration in the
curriculum
IAny reference to specific reforms enacted
Reform towards integration of CT in the curriculum 6 14 32 52
IAny reference to ways of ensuring gender 11 21 32 64
Gender balance when implementing CT in the
curriculum.
Fostering Any reference to transversal skills, such as
transversal skills creativity, that are fostered when 3 1 8 12
implementing CT in the curriculum
Relationship with |Any reference to CT’s relationship
. - : 21 9 14 44
programming with programming
. IAny reference to teacher recruitment or
Recruitment retention strategies pertaining to CT 12 30 2 44
IAny reference to specific CT training needs
Training needs that are not covered by existing training 21 0 8 29
provisions
Teacher Support  |Any teacher reference to how they supported
(emerged from CT teaching 15 NA NA 15
MCS1)
Compulsory IAny references to the Computer
subject (emerged |Science/Informatics/Computing subject NA 13 NA 13
from MCS2) being compulsory (reasons, conditions)
Continuous
PD?JSISS:)?E:L t IAny _re_ferences to teachers” CPD need and NA 68 NA 68
(CPD) (emerged provision
from MCS2)
Numbers of hours |Any reference to the estimated number of
per week dedicatedweekly hours dedicated to CT (e.g., by the NA 23 23 46
to CT (emerged  [teachers and/or the school leader)
from MCS3)
Total 430 608 725 |1,763
3. Results

In this section, we report the key findings from the interviews and focus group analysis
of each multiple case study summarized as enablers and barriers. In addition, the
findings are compared with a cluster analysis of the transcripts implemented in NVivo
12.
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3.1. Main Outcomes from MCS1: CT as a Cross-Curriculum Theme in
Primary Education

A key takeaway from MCSL1 is that CT, as a cross-curriculum theme or part of a separate
CS/Informatics subject, is becoming an essential element of the primary school
curriculum. Teaching CT-related topics at primary school is critical for students to
understand the digital world in which they live and become fluent and creative with
technology. The ministries of education, universities and other institutions actively
supported the implementation of the Informatics curriculum at primary education
through programs for teachers’ professional development and the provision of
educational resources. In Lithuania, following the General Teaching Plan for 2022 and
2023, all primary schools are encouraged to implement Informatics/CT in their classes.
In primary education Informatics curriculum covers most of the major CT components.
However, it is up to up to individual schools (and their teachers) to decide how and in
which subjects to integrate the Informatics/CT components they choose to address.

The revised Norwegian national curriculum came into force in 2020. The country’s
Ministry of Education published a digitalization strategy for primary, secondary, and
vocational education for 2017-2021, stating that CT and programming should be
integrated into the curriculum. The new curriculum foresees the integration of CT and
programming in Mathematics, Science, Arts & Crafts, and Music, both at primary and
lower secondary levels. The curriculum emphasizes the development of algorithmic
thinking skills by addressing the steps involved in solving problems through
programming. Slovakia’s comprehensive reform of its education system in 2008 brought
significant changes to the content of all subjects in primary and secondary schools. One
of the main changes was the introduction of Informatics as a compulsory separate
subject in grades 3-4. The Case Study school teacher explained that pupils are introduced
to basic computational concepts starting from simple computer instructions and then
arranging these instructions into procedures and loops.

Primary school teachers in Lithuania, Slovakia and Norway mentioned learning
approaches such as learning by doing, playful learning, learning from mistakes, and
working in small groups. Specifically, teachers emphasized using hands-on, playful
activities with programmable robots and visual block environments to introduce basic
CS concepts to students. Students begin by giving physical and/or virtual objects
sequences of instructions to perform when developing their projects. By controlling
robots or constructing programs through these sequences of instructions, students
gradually move from being passive technology consumers to active digital object
creators. Primary school teachers also report how student-to-student and teacher-to-
student discussions and interactions during the hands-on activities promote peer
learning. For example, they encourage more advanced students to help classmates stuck
somewhere. All three countries use a variety of educational tools for teaching
CT/Informatics/programming. Some derive from abroad, while others have been
specially designed and promoted by national institutions. However, learning by doing is
the most commonly adopted methodology.

Primary teachers interviewed in the context of MCS1 pointed out that they mainly
perform a formative assessment of CT skills. Assessment is based on teachers observing
students while solving problems, developing projects, and learning by reflecting on
mistakes. At the end of learning activities, group discussion encourages and allows
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students to express their thoughts and how they think and arrive at solutions. Teachers
also employ quizzes (such as Bebras tasks), exercises and surveys to assess CT skills.

As seen in Table 5, one of the main challenges is the lack of qualified teachers
encountered in two of the three CS. It is more likely for adequately trained and qualified
teachers to be able to stimulate students to more profound CS learning. The literature
also supports this finding. For example, the shortage of appropriately trained teachers
across all education levels was mentioned most (83 times) in the CT Educational Policy
Initiatives survey (Hsu et al., 2019) when respondents were asked to identify the main
problems and challenges in integrating CT in schools.

Another barrier in the same two countries (i.e., Lithuania and Norway) relates to the
lack of appropriate resources. It is interesting to see that the perceived enablers focus on
how mitigating these problems, i.e. provision of teacher training by the ministries and/or
universities. The findings from Slovakia are differentiated, but they demonstrate an
important dimension of CT integration, which is related to the management of the
material dimension of technology (taking care of the hardware, charging the devices)
and is often overlooked. Finally, both Norway and Slovakia seem to place particular
emphasis on the role of school leaders in promoting CT, pointing to the critical role of
the school as an organization.

Table 5. Main enablers and barriers in implementing CT at the primary education level

Country | Enablers Barriers

Lithuania | The policy introducing CT is well- Shortage of adequately trained teachers
accepted by teachers. and educational resources.

The Ministry of Education and Lack of interesting activities for
universities actively support the learning CT.

implementation of CT in schools by

providing professional teacher training

and developing educational resources.

Slovakia | Many school leaders support the In implementing the curriculum, many
development of digital competence for | teachers focus on practical aspects at
students and teachers. the expense of addressing CS basic
Learners like programming physical principles and concepts.
and virtual robots working in groups. Lack of programming environments

suitable for young children’s cognitive
abilities.

Norway | School leaders promote teacher Lack of qualified teachers at the
participation in professional primary level.
development. The Ministry of Shortage of suitable materials for
Education promotes engaging CT primary classes.
activities that foster learners’
motivation through guidelines and
teacher support.

The cluster analysis by word similarities on the transcripts of the interviews and focus
groups conducted in MCS1 revealed a significant correlation among the codes
“Recruitment”, “Teachers”, “Barrier”, and “Training needs”. Observing the central part
of the dendrogram (Figure 2), in fact, “Teachers,” “Training needs”, and “Barrier” are
connected with a high correlation among sub-codes (r=.84). These sub-codes also



Fostering Computational Thinking in Compulsory Education in Europe 203

emerged close in similarity with “Recruitment” (r=.75). This pattern reflects the
interviewee’s understanding of the centrality of teachers’ recruitment and training
regarding CT integration.

Fostering transversal skills
Reccomendations

_E Enabler

School leaders

Recruitment

Teachers
4[[ Barrier

Training needs

Figure 2. A selection of the cluster analysis hierarchy for CT as a cross-curriculum theme (MCS1)

A second pattern encompassed the codes “Fostering transversal skills”, “Enabler”, and
“School leaders”, with “Enabler” and “School leaders” strongly correlating (r=.71). This
pattern reflects interviewees’ understanding of CT as a critical dimension to ground and
foster students’ transversal skills, including digital competence, where school leaders
play a critical role in facilitating this synergy in implementing the curriculum.

3.2. Main Outcomes from MCS 2: CT Integrated as a Separate Subject in
Lower-Secondary Education

In MCS2, the implementation of CT as a distinct CS subject at the lower secondary level
was considered in Croatia, UK-England and Poland. In UK-England, the subject is
referred to as ‘Computing’, Poland as ‘Computer Science’ and Croatia as ‘Informatics’.
Unlike UK-England, Poland and Croatia have a long-lasting tradition of CS education.
However, already in 2014, UK-England started implementing CT education in primary
and secondary schools. The current CS curricula have been in place in Poland and
Croatia since 2017.

Curricula in Croatia and Poland both focused on developing students’ problem-
solving skills. The Polish CS curriculum aims to engage students to apply CT skills in
problem-solving in all other school subjects. Computing education in UK-England aims
to equip students ‘to use CT and creativity to understand and change the world’.
Students should know the key concepts and principles of data, information, algorithms
and computation, about functionality and processes in digital systems and how to
connect this knowledge to programming. Students should also acquire better digital
literacy.

All three CS curricula effectively combine elements of digital literacy and CS
concepts. The Croatian curriculum, for instance, also aims for students to learn how to
use technology in a practical, reasonable and respectful manner and consists of four
domains: 1) CT and programming; 2) Information & Digital Technologies; 3) Digital
Literacy & Communication; and 4) e-Society. CS, as a compulsory subject, is taught 1 or
2 hours per week; this time is insufficient for addressing all subject areas. More time is
spent on teaching CS concepts at higher grades in Croatia and UK-England. Compulsory
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elements of CS are usually complemented with elective subjects and extra-curricular
activities. There seems to be a strong rationale for teaching CT as part of a separate CS
subject because of the underlying subject knowledge and foundational subject discipline
best taught as part of a CS subject (e.g., concepts behind the internet, limitations of
computers). All three curricula also highlight the importance of links with other subjects.

Regarding the implementation of curricula in classrooms, considerable differences
exist between schools due to differences in digital infrastructure and the availability of
qualified teachers. As CS curricula are generally open-ended and they focus on skills
such as problem-solving, they invite the use of innovative pedagogical approaches that
foster student autonomy. Examples include personalized learning and cooperative or
collaborative learning. Such teaching requires teachers and students to be open-minded
and flexible about the learning processes and their results. The Polish and Croatian
curricula suggest that teachers start with visual languages in the younger grades and
gradually move to textual languages. The key to successful CS education seems to
enable students to solve real-world problems or create something new and find and
correct mistakes in the process. Assessment should capture excellence without
discouraging average students. Focus is devoted to formative assessment practices. The
lack of qualified teachers emerged as the critical barrier to quality CS education (see
Table 6). In UK-England and, to some extent, in Poland, curricula were introduced in
schools before teachers were fully upskilled at scale. One hypothesis at the outset of
MSC2 was that there might be differences in how CT and related activities are
implemented in Poland and Croatia, which both have a long-standing tradition in CS,
compared to England. One possible reason was that the subject CS already existed in the
curriculum and finding a place in the curriculum for CS topics is often one of the main
challenges. The second possible reason was that initial teacher training for CS was
already in place. The cases of Poland and Croatia could rely on teachers already trained
in CS. In the case of England, the fact that teachers with no CS background had to be
prepared to teach the newly introduced Computing subject has been stressed as having
constituted an enormous challenge. Nonetheless, in Poland and Croatia, introducing the
current CS curricula remained a challenge since CS has been comprehensively integrated
at all education levels, and its focus has been adjusted. The new curriculum necessitated
large-scale CDP also for CS teachers. Finally, recruiting a sufficient number of CS
teachers remains a challenge also in these countries.

Table 6. Main enablers and barriers in implementing CT as a separate subject at lower secondary

school
Country | Enablers Barriers
Croatia Schools got internet connections and devices. The main problem is the lack of
Large-scale online training was offered before adequately trained teachers.
the curriculum started. Key features were This became most apparent
learning communities, training on new topics when nformatics became an
every few weeks and continuous support. elective subject at all primary
Teachers tried different teaching and assessment | schools in 2020, and students
methods and created a shared base of learning have shown great interest.
resources. School heads need support to
implement a whole school
approach to teaching CT in
Informatics and other subjects.
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Poland The renewal of the CS curriculum was part ofa | The key challenge is
change in the core curriculum in 2017. implementing teacher training
The CS curriculum leaves freedom to teachers, on a large scale for all teachers.
for whom it is both an opportunity and a CS is a compulsory subject in
challenge. all grades, but there are open
The curriculum includes guidelines, training questions about how schools
materials and new computer science textbooks. implement the subject using
Projects and extra-curricular activities remain tools and methods.
essential.
Piloting curricular changes with pilot schools
first prepares a smooth curriculum roll-out.
Robust monitoring and evaluation of the
curriculum will be needed.
UK- Key enablers are quality teacher training, school | The main challenge is a lack of
England hubs connecting different schools and specific properly educated teachers. In

measures to recruit new Computing teachers.
Other enablers are sustainable funding and
synergies between the Department of Education
and other organizations (e.g., grassroots).

The National Centre for Computing Education
produced high-quality teaching resources and
teacher training, with lesson plans, assessment
exercises and teacher guidelines.

Research on how CT skills are best taught and
how CS is integrated into schools.

the first phase of the roll-out of
the Computing curriculum, not
enough training opportunities
were available to teachers.
Computing education is
compulsory until key stage 3.
However, there are considerable
differences in how schools
implement the curriculum.
School leaders and senior
leadership teams often do not
consider computing education a
priority.
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In conclusion, for high-quality teaching of CS, teachers need training and sufficient time
to teach CT and related skills, but also more research and robust monitoring of the
curriculum implementation are crucial. The cluster analysis applied to all interviews and
focus groups conducted in MCS2 revealed a significant correlation among the codes
“Teacher support” and “Continuous Professional Development (CPD)” (r=.84)
connected to “Pedagogies” and “Recommendations” (r=.65) .

In the branches below (Figure 3), “Number of hours per week dedicated to CT” has a
significant correlation with “Curriculum” (r=.75), “Reform”, and “Learning tools”
(r=.73). “Monitoring evaluation” and “Policy-makers” (r=.69) are connected in the upper
branches to “School leaders” with a high coefficient of similarity (r=.68). Right above,
“Relationship with programming” is connected to “Curriculum” (r=.67), and
“Compulsory subject” is connected to “Curriculum” (r=.63) and “Number of hours per
week dedicated to CT” (r=.53). This reflects the interviewees’ emphasis on the exchange
of CT know-how, dedicated time and practices among teachers and school leaders to
support and promote the integration of CT-related content in teaching and learning
practices.
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l—| [ Continuous Professional Development
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Relationship with programming

School leaders
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Learning Tools
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[ Monitoring Evaluation
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Figure 3. A selection of the cluster analysis hierarchy for CT as a separate subject (MCS2)

3.3. Main Outcomes from MCS 3: CT Within Other Subjects in Lower-
Secondary Education

The MCS3 investigates how CT skills and related CS concepts have been integrated into
lower secondary education within other subjects in Finland, France and Sweden. The
first two countries have similar approaches focusing on introducing programming and
algorithmic thinking, mainly in Mathematics and another subject: Craft in Finland and
Technology in France (see Table 7). The Swedish curriculum introduces programming in
Mathematics, Technology and Civics, focusing on the role and implications of programs
and algorithms in digital technology for society and the individual. While we initially
hypothesized that the inclusion of programming within Civics in Sweden could promote
differences in the implementation compared to France and Finland, this is not the case.
During the interviews, the Swedish policymaker and expert clarified that the major focus
within Civics is not on programming practices but mostly on understanding the
implications and roles of programs and digital technology for society and the individual.
Therefore, students are not expected to build programs or use algorithms, although
teachers can, in principle, also decide to propose such activities.

While the curricula in all three countries do not specify the amount of time for the
added CS contents, the mathematics curriculum limits the time teachers can devote to
algorithms and programming. The interviewed Mathematics teachers estimated that this
time was less than 1 hour per week in all three countries. The situation is more
exacerbated for Craft/Technology teachers who have fewer hours per week than
mathematics for their subject. Nevertheless, the interviewed students have expressed a
preference for hands-on activities taught in the Craft/Technology subject. In the Finnish
school involved in the study, much of the time in Craft is dedicated to designhing and
programming artefacts. This approach was appreciated by students who felt more
creative and involved in Craft than Mathematics concerning programming. This was also
evident in the focus group interview with students in France, who said they prefer
activities in the field of Technology, which were considered more engaging and less
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demanding (e.g., programming robots) compared to the activities in Mathematics (e.qg.,
developing computational solutions to open problems).

Table 7. Main enablers and barriers in implementing CT within other subjects at lower secondary

school
Country | Enablers Barriers
Finland Taking advantage of two transition years | Address teacher needs for

to accommaodate the introduction of
programming and algorithmic thinking in
the new core curriculum by engaging all
relevant stakeholders in the renewal
process.

Placing CT-related concepts within
existing compulsory subjects
(Mathematics & Craft) and within
specific transversal skills help address
gender and equity issues since the
development of CT-related concepts is
offered to all students.

Setting-up support measures for
upskilling of teachers.

professional development in
programming and algorithmic
thinking.

Lack of clear indications on content,
time allocated, and objectives related
to programming and algorithmic
thinking.

The quality of the learning materials
and textbooks must be improved.
Investments in the infrastructure are
needed for teaching algorithmic
thinking and programming.

digital competence has favoured the up-
take and implementation of programming
in schools

Having adequate and up-to-date
equipment and infrastructure to carry out
programming activities.

France A clear policy (e.g., indicating which CT | Limited access to technology both at
topics/objectives need to be included in the classroom and at the school level.
the curricula) and an implementation Students’ difficulties with
strategy (e.g., including CT-related topics | informatics: some students find
in the national final examinations of the informatics very difficult and not
relevant subjects). necessarily students who have
Prioritizing the implementation at the difficulty in Mathematics.

ISCED 2 level reduced the impact on The time allocated to programming is

resources required to support the considered insufficient by the

implementation and integration of interviewed teachers and students to

programming at schools. develop and address these skills
adequately.

Sweden Investing for a long time in the culture of | Adding programming to an already

crowded curriculum of Mathematics
& Technology.

Up-skilling of teachers in developing
programming competence.
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While the curricula in all three countries do not specify the amount of time for the added
CS contents, the mathematics curriculum limits the time teachers can devote to
algorithms and programming. The interviewed Mathematics teachers estimated that this
time was less than 1 hour per week in all three countries. The situation is more
exacerbated for Craft/Technology teachers who have fewer hours per week than
mathematics for their subject. Nevertheless, the interviewed students have expressed a
preference for hands-on activities taught in the Craft/Technology subject. In the Finnish
school involved in the study, much of the time in Craft is dedicated to designing and
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programming artefacts. This approach was appreciated by students who felt more
creative and involved in Craft than Mathematics concerning programming. This was also
evident in the focus group interview with students in France, who said they prefer
activities in the field of Technology, which were considered more engaging and less
demanding (e.g., programming robots) compared to the activities in Mathematics (e.g.,
developing computational solutions to open problems).

In France, mathematics teachers are encouraged to promote project work and foster
collaboration among students in the creative digital production of programs,
applications, animations, etc. Use of the Scratch programming environment is
recommended as very suitable for this pedagogical approach. In Finland, constructing
simple programs generally encourages an active learning approach, particularly in
Mathematics. In programming activities, particular attention is placed on generalizing
solutions as an introduction to algorithmic thinking. In Technology-Craft, programming
is mainly explored through the control of physical objects like robots. In Sweden, the
Mathematics curriculum encourages students’ use of digital tools and programming to
investigate mathematical problems and concepts, make calculations, and interpret data.
In lower secondary school, students should gain a basic understanding of programming,
dealing with concrete situations.

Regarding tools, it is worth noting that at ISCED 2 level, both the Finnish and
Swedish interviewees referred to a shift from visual to text-based programming
languages like Python. This shift aims in keeping with the increasing complexity of the
topics studied and with the overarching objective of developing students’ digital skills
for future employment. By contrast, in France a visual-based programming language
(namely Scratch) is still used at ISCED 2 level, following ministerial recommendations.
The reasoning behind this approach is to continue with an easy-to-use programming
environment, thereby reducing potential barriers for teachers and students.

One of the main challenges, as was indicated in the interviews by teachers of
Mathematics and Technology, is employing diverse approaches for the integration of CT
to be compliant with the teaching practices of the respective disciplines: understanding
programming in a more abstract way in Mathematics and implementing more concrete
and applicative programming in Technology.

As part of the curriculum reform in France in 2015, Mathematics and Technology
teachers offered a two-day compulsory training course organized by the Ministry of
Education. In addition, the Ministry’s regional offices (called Acadamie), universities
and private sector organizations have organized various training courses for teachers in
CS. However, France does not require teachers to complete their annual professional
training. From the interviews emerged that to address the need for upskilling all
Mathematics & Technology teachers, those with more experience promoted peer training
opportunities and support in enacting the CT-related curriculum.

Finnish education authorities immediately introduced programming in Mathematics
and Crafts classes and launched targeted professional development initiatives to equip
teachers with appropriate fundamental skills in programming. The Finnish National
Agency for Education (OPH) finances the development and implementation of targeted
training courses through regular calls for tender open to public and private organizations
and universities. Finnish teachers must fulfil an annual professional development quota
of 12-18 hours. The training quota is compulsory for teachers in all subject areas, and a
substitute class teacher must be found to fill in these requirements; of course, this causes
problems for the school administration. In the view of the OPH expert, those challenges
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might be overcome through a dedicated tutor teacher, an additional resource in charge of
peer tutoring at the school level. This model successfully supported the implementation
of transversal competencies in Finland from 2017.

In Sweden, the National Agency for Education has offered online training courses
and workshops on programming for Mathematics and Technology teachers. In addition,
universities have prepared and launched several courses. Although Swedish teachers
have to meet an annual quota of 104 hours of in-service training, these hours are not set
to some specific area. So, it could be very different from school to school.

The cluster analysis by word similarities on the transcripts of the interviews and
focus groups in MCS3 revealed two main patterns (Figure 4).

Reform

Curriculum

Progression

CT Concepts
Within-subjects

Number of hours per week dedicated to CT
Teachers

Gender

Barrier

Learning Tools
Pedagogies
Enabler

Recommendation

Figure 4. A selection of the cluster analyses hierarchy for CT within other subjects (MCS3)

The first deals with pedagogical approaches to CT integration. The codes “Learning
Tools” and “Pedagogies” share a strong correlation (r=.98) with “Pedagogies” connected
as well, in the upper branches, with “Barrier” (r=.97), “Progression” (r= .96), “Enabler”
(r=.96) and the MCS3 emerged code labelled “Numbers of hours dedicated to CT”
(r=.92). Additionally, “Learning” Tools” and “Barrier” emerged as strongly connected
(r=.96), as well as “Teachers” and “Gender” (r=91) and “Enabler” and
“Recommendation” (r=.92) thereby suggesting that the pedagogical approach to
integrating CT-related contents should link to the subject specificity and has implications
on the learning tools adopted to operationalize the different approaches.

The second pattern regards the reforming practices of CT integration. The codes
“Within-subjects” and “CT Concepts” emerged as strongly related (r=.93). “CT
Concepts” strongly related as well with “Progression” (r=.94), “Curriculum” (r=.95) and
“Reform” (r=.93). Finally, “Reform” strongly related to “Curriculum” (r=.95). This
points to the relationship between interviewees’ vision of CT and how they position it in
terms of students’ digital competence and reform practices.
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4. Discussion
4.1. Contributions to Integrating CT into School Curricula

CS concepts supporting the development of CT skills have emerged consistently as part
of primary and lower secondary curricula in the nine countries involved in our study.
Through integrating basic CS concepts in the curriculum, the respective Ministries of
Education aim to address the need to support students with a strong scientific
background to reach a better comprehension and solid ability to act in a more complex
digital world. The rationale that basic CS concepts underpin core CT skills supporting
and complementing digital competence development also emerged from the interviews
conducted with policymakers, school leaders, experts, and teachers. Through a
comparative analysis of the curricula of the nine countries involved, we identified a
common pattern for the basic CS concepts included, which are centred around the
relationship between algorithms and programming (Bocconi et al., 2022).

Integrating fundamental CS concepts in the analysed curricula is a relatively recent
development, thus competing with more established curriculum priorities. When CS
concepts are integrated within existing subjects, they are generally added to an already
crowded curriculum. For example, in MCS3, all math teachers complained about the
lack of guidelines regarding the time that should be allocated to programming and
algorithms and the need to make room for it. Since all curricula examined favour a
laboratory approach to programming as a fruitful one to develop computing skills, this
implies adequate and recurrent financial support to provide schools with the proper
digital infrastructure required.

Finally, supporting teachers in both formative and summative assessments is crucial
to improve computing education quality and monitor the evolution of students’ CT
skills. Primary teachers interviewed in the context of MCS1 pointed out their approach
to formative assessment based on observing students while solving problems, developing
projects, and learning by reflecting on mistakes. In MCS3, provisions for integrating
programming and algorithmic skills in the final examination for Math at the end of
ISCED2 were mentioned. It is already part of the Mathematic tests in France, and
Sweden plans to move in the same direction. Summative assessment is also crucial for
monitoring CT skills development as a foundational component of compulsory
education.

4.2. Strengths and Limitations

This study encompasses some limitations. First, it is focused on a small sample of
schools, teachers and students from each of the nine European countries. Therefore, the
results may not generalize to other schools or education systems. Consequently, future
studies should replicate the MCSs across different school settings involving teachers
with diverse backgrounds and students from more grades to investigate which results
will be consistent with the current research and which will not.

Second, we collected qualitative data through semi-structured interviews and focus
groups to shed light on how CT skills are taught and assessed and what tools teachers
and learners use. However, more evidence is needed. Future research could collect and
analyse more evidence, for instance, through observations, questionnaires, and analysis
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of teaching and learning materials (e.g., lesson plans, programming artefacts), to gain a
deeper understanding of how the school’s infrastructure and the different pedagogical
approaches affect the findings.

Lastly, 21 out of 40 interviews and 9 out of 10 focus groups were conducted in
different languages and were translated (in some cases using machine translation), coded
and analysed in English. Although the authors took all possible measures to improve
machine translations, some collected data may have been misinterpreted.

4.3. Data Trustworthiness

According to Lincoln and Guba (1985), qualitative results can be evaluated using the
“trustworthiness” standard established by credibility and confirmability. The adoption of
MCSs and the different data sources (desk research, interviews and focus groups)
increased the credibility of the case studies, allowing the development of converging
lines of inquiry (Yin, 2018). Replicating the procedures in all nine cases made this study
more trustworthy (Yin, 2018). Online team meetings were held regularly throughout the
study to establish and clarify research questions, identify cases and participants’
selection criteria, and develop interview protocols. Three senior researchers examined
the collected data independently and then collectively to reach a consensus about the
emerging patterns and the structure of the case reports. Both patterns and case report
structure were presented to the rest of the team for comments and validation. Lastly,
participants were provided with a temporary copy of the report for the case study they
had been involved in to check for internal consistency and coherence of the preliminary
findings. This copy also helped strengthen the reliability of the study by ensuring the
accuracy of the reported contents (Creswell and Poth, 2018). Overall, interviewees
approved the reports and suggested only a few minor adjustments.

4.4. Implications for Future

Introducing basic CS concepts in primary and lower secondary compulsory education is
a significant change in the content of the curricula that requires addressing specific
challenges in the upskilling of in-service teachers, competing curriculum priorities and
appropriate formative and summative assessment measures.

From the three MCS, enablers and barriers emerged in implementing the curricula
reforms undertaken in introducing CT. A common enabler is adopting appropriate
measures for creating guidelines, learning materials and a large-scale professional
development program. On the barrier side, the lack of qualified teachers, lack of quality
materials and the challenges related to large-scale upskilling are shared.

In primary education, where teachers are required to cover several subjects in their
practice, the number to be involved in teaching CT is quite large. This has implications
for the required level of resources to be allocated and the need for developmentally
appropriate materials and tools.

In lower secondary education, where there is a clear distinction of subjects,
competition among several priorities might impact the successful implementation of
computing education. Since most in-service teachers at primary and lower secondary
schools do not have a background in computing education, a professional development
program is needed to address basic CS concepts and pedagogical approaches appropriate
for their student’s age.
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This large-scale upskilling requires time and support actions. In the MCS, school
leaders” support is mentioned among the enablers. UK-England underlines the
importance of school hubs connecting schools to support and learn from each other.

Future research could continue to explore CS integration in compulsory education in
several directions: i) covering more countries; ii) delving into relevant CS training
methods and curricula in action elements that have been tried and tested, iii) focusing
deeper on teacher professional development in computing.
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Appendix. Semi-structure interview

A. MCS expert interview questions

For MCS experts, we include both the general questions and the adaptations that take into account
the specificity of each MCS (i.e., CT integrated as (a) a cross-curriculum topics; (b) as a separate
subject; (c) within other subjects).

A.0. General

1. What is, in your view/experience, the relationship between CT and
CS/Informatics/Computing?

2. Since the debate on the definition of CT in still ongoing, which set of key concepts and
practices should characterized CT education? How this impact on teaching and assessment?

3. What is the underlying rationale for introducing CT in compulsory education?

4. Why should CT be introduced in compulsory education as (a separate subject / within existing
disciplines / across disciplines)?

5. What are the benefits and challenges of introducing CT as education as (a separate subject /
within existing disciplines / across disciplines) in compulsory education?

6. How CT curriculum should be organised in compulsory education concerning:

o Age appropriateness
o Pedagogy

o Gender

o Equity

7. What is the role of programming in CT curriculum in compulsory education?

8. For multiple-case study X, we will analyse the implementation of CT/I/CS/C as (a separate
subject / within existing disciplines / across disciplines) at (lower secondary/primary) level in
three countries (i.e., XXX, YYY and ZZZ). In your opinion, when comparing these different
educational systems, to what we should pay particular attention?

9. How teacher education and professional development should be organised in relation to
introducing CT in compulsory education?

What is your main recommendation to policy makers in Europe for Quality Computing Education?
Al. MCS1 specific

CT understanding in compulsory education

1. What is the relationship between Computational Thinking and Computer
Science/Informatics/Computing?

2. Since the debate on the definition of Computational Thinking in still ongoing, which set of
key concepts and practices should characterize CT in education? How this impact on
teaching and assessment?

CT across disciplines in primary education

3. What is the underlying rationale for introducing CT across disciplines in primary education?

4. Why should CT be introduced across disciplines in primary education?

5. What are the benefits and challenges of introducing CT across disciplines in primary
education?

6. How CT in Math curriculum should be organised in primary education concerning:
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Age appropriateness
Pedagogy
Gender
Equity
7. What is the role of programming in primary education?
CT assessment and professional development
8. How should learning of CT concepts and skills be assessed in primary education?
9. How teacher education and professional development should be organised in relation to
introducing CT in primary education?
Other
10. For MCS1, we will analyse CT implementation across disciplines in primary school in three
countries (i.e., Lithuania, Norway, and Slovakia). In your opinion, when comparing these
different educational systems, to what we should pay particular attention?

O O O

o

What is your main recommendation to policy makers in Europe for Quality Computing Education?
A2. MCS2-specific

CT understanding in compulsory education

1. What is, in your view/experience, the relationship between CT and CS /
Informatics/Computing?

2. Since the debate on the definition of CT in still ongoing, which set of key concepts and
practices should characterize CT in education? How does this impact on teaching and
assessment?

CT as a separate subject in lower secondary education

3. What is the underlying rationale for introducing Informatics into compulsory education?

4. Why should Informatics be introduced in compulsory education as a separate subject?

5. What are the benefits and challenges of introducing Informatics as a separate subject in
compulsory education?

6. How should the Informatics curriculum be organised in compulsory education concerning:

o  Age appropriateness

o Pedagogy
o  Gender
o Equity

7. What is the role of programming in the Informatics curriculum in compulsory education?
CT assessment and professional development
8. How should learning of CT concepts and skills be assessed in lower secondary education?
9. How should teacher education and professional development be organised in relation to
introducing Informatics in compulsory education?
Other
10. For the MCS 2, we will analyse the implementation of Informatics as a separate subject at
lower secondary level in three countries (i.e., Croatia, Poland and England). In your opinion,
when comparing these different educational systems, to what should we pay particular
attention?

What is your main recommendation to policy makers in Europe for Quality CS Education?
A3. MCS3-specific

CT understanding in compulsory education
1. What is the relationship between CT and CS/Informatics/Computing?
2. Since the debate on the definition of CT in still ongoing, which set of key concepts and
practices should characterized CT education? How this impact on teaching and assessment?
CT within existing disciplines (e.g., Math) in lower secondary
3. What is the underlying rationale for introducing CT in Math curriculum in compulsory
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education?
4. Why should CT be introduced in compulsory education within existing disciplines e.g.,
Math?
5. What are the benefits and challenges of introducing CT within existing disciplines in lower
secondary education?
6. How CT in Math curriculum should be organised in lower secondary education concerning:
Age appropriateness
Pedagogy
Gender
Equity
7. What is the role of programming in Math curriculum in lower secondary education?
CT assessment and professional development
8. How should learning of CT concepts and skills in Math be assessed?
9. How teacher education and professional development should be organised in relation to
introducing CT in compulsory education?

O O O O

Other

10. For MCS 3, we will analyse the implementation of CT within existing disciplines (i.e.,
Math, Tech) at lower secondary level in three countries (i.e., France, Finland and Sweden).
In your opinion, when comparing these different educational systems, to what we should
pay particular attention?

11. One dimension of CT is its potential to foster new ideas and approaches in science (e.g.,
computational dimensions are present in a great variety of domain, such as computational
biology, computational geography. How could this dimension of CT be exploited in the
context of compulsory education?

What is your main recommendation to policy makers in Europe for Quality CS Education?
B. Policy maker interview questions

B1. Definition and conceptualisation of CT skills

1. How is CT defined in the curriculum and in practice? What terminology is used in
relation to CT in the curriculum?

2. What is, in your view/experience, the relationship between CT [or the term you use in
your country] and Computer Science/Informatics?

B2. The implementation of the CT/programming-related activities in the
curriculum

3. In year [XXXX], CT/CS/I/C became part of your curriculum. After several years of
implementation, what is the status of this new curriculum?

4. Why was CT/programming included in the curriculum as [general cross-curricular
theme/ as part of separate subject, within other subject(s),...] (i.e., following what
rationale)?

5. How much time has been allocated to the CT/programming activities in the curriculum?

6. How are gender balance and equity considered in implementing the curriculum
regarding CT/programming activities?

7. Has the implementation of the curriculum that integrates CT/programming activities
been monitored in any way?

8. Have the materials developed for CT/programming activities proved effective in
supporting implementation? Is there any plan for updating/revising such materials?

9. What technologies are generally employed?

10. Are other stakeholders (grassroots, university networks, consortia, industry) involved in
the implementation of the curriculum?
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B3. CPD implementation and approaches

11.

12.
13.
14.

Are new teachers being recruited to cover the curriculum as regards CT/programming
activities?

How is teachers’ upskilling being addressed?

What methods are being used (e.g., active learning, tutorials)?

Who carries out the CPD activities?

B4. Assessment of CT/programming activities

15
16

. How is learning of CT and CS/I/C concepts and skills assessed?
. Have CT and CS/I/C assessment methods been reviewed and adapted, and if so, how?

B5. CT/programming in iVET education

17.

18.

19.

To what extent are CT and CS/I/C concepts included in all iVET tracks (within the limit
of compulsory education)? Or are CT and related concepts integrated only in some
specific iVET tracks?

How can CT and CS/I/C be integrated into different iVET models adopted in
compulsory education, i.e., work-based, school-based or dual-VET systems?

How can policy makers and different stakeholders (i.e., experts, industry, grassroots)
support integration of CT and related topics in compulsory education iVET

What is your main recommendation to policy makers in Europe for Quality CS Education?

C. School leader interview questions

Background information on curriculum renewal in compulsory education.
In year xxx, CT/CS/I/C was introduced in xxxx Curriculum.

1.
2.

CT/CS/I

3.
4.

5.

8.

9.
10.
11.

When did you start integrating CT/CS/I/C in your school?
The European Commission uses the term “computational thinking”. Did you use this term
in your school? If not, which terminology do you use in school?

/C Curriculum Implementation at school level

Has CT/CS/I/C been included in the strategic plan of your school?

How synergies and integration of CT/CS/I/C across/within subjects has been supported for
a quality informatics education? (USE ONLY FOR MULTIPLE CASE 1 & 3)

To what extent teachers in your school integrate CT/CS/I/C in their teaching?

What kind of support the school has provided to teachers for integrating CT/CS/1/C in their
subjects?

How has the school community (teachers, parents) been informed about this change in the
curriculum? Have external actors (grassroots, associations) been involved in the innovation
of the curriculum? If yes, how?

Does the school have the necessary technological infrastructure to integrate CT/CS/I/C in
the curriculum?

How are gender balance and equity in CT/CS/I1/C taken into account at your school?

How have assessment methods been reviewed and adapted in relation to CT/CS/I/C?

What type of professional development the school offered to teachers on CT/CS/1/C?

What is your main recommendation to your policy makers for improving Quality CS education?

D. Teacher interview questions

Background information on curriculum renewal in compulsory education.
In year xxx, CT/CS/I/C was introduced in Curriculum as a separate subject xxx/ cross curriculum
topic in Primary /lower secondary education



1.
2.
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When did you start integrating CT/CS/I/C in your teaching?
The European Commission uses the term “computational thinking”. Did you use this term
in your teaching practice? If not, which terminology do you use in school?

D1. CPD activities on CT/CS/I1/C

3.

4.
5.
6.

Did you already know key concepts and related pedagogical approaches to integrate
CT/CS/I/C in your teaching?

What type of professional development activities provided you with necessary skills?
What methods were used (e.g., active learning, tutorials)?

Who carried out the CPD activities?

D2. Curriculum Implementation (teaching & assessment)

7.

8.
9.

10.
11.
12.
13.
14.

What is your main recommendation to your policy makers for Improving Quality CS education?

In your national curriculum /curriculum guidelines, the following concepts, related skills
and tools (in the table) are indicated. Which adaptations/integrations did you apply?
ADD HERE SUBJECT NAME FROM THE CURRICULUM

Knowledge
Related skills
Tool

How do you teach CT/CS/I/C concepts and related skills in an age-appropriate way?
What pedagogical approach do you use?

What technologies do you use?

How much time do you actually devote to address CT/CS/I/C in the curriculum?

Do you use the materials developed by the MOE for CT/CS/1/C?

How are gender balance and equity taken into account in your teaching?

How do you assess students’ learning of CT/CS/I/C concepts and skills in your subject?

E. Student Focus group questions

1. Which term do you normally use with other students and teachers when talking about

CT/CS/1/C in classroom?

Additional question if needed: Do you know the term computational thinking?

2. What activities related to CT/CS/I/C are proposed in classroom?
Examples if needed: (Math) e.g., develop a program that uses variables, define an algorithm to

3.

4,

5.
6. What are your suggestions to improve CT/CS/I/C education?

solve a problem; (Tech) e.g., define instructions for a robot to avoid an obstacle

What do you think about these activities (e.g., easy/difficult, fun or not)? Which ones do you
think are best and why?

How many lessons are dedicated to CT/CS/I/C in your school (Many, quite a few, some, not
many, only 1 or 2)? Do you think they are sufficient?

What do you think is the purpose of learning about CT/CS/I/C at school?

Received June 13, 2024, accepted June 23, 2024



